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TITLE OF THE INVENTION 

PIPERIDINE DERIVATIVES AS MELANOCORTIN^ RECEPTOR AGONISTS 

HELD OF THE INVENTION 

The present mvention relates to piperidine derivatives, their synthesis, and their use as 
melanocortin receptor (MC-R) agonists. More particularly, the compounds of the present invention are 
selective agonists of the melanocortin-4 receptor (MC-4R) and are thereby useful for the treatment of 
disorders responsive to the activation of MC-4R. such as obesity, diabetes, male sexual dysfunction, and 
female sexual dysfunction. 

BACKGROUND OF THE INVENTION 

Obesity, which can be defined as a body weight more than 20% above the ideal body weight is a 
majorhealthconceminWestenisocieties. It is estimated that about 97 nulUon adults in tiie United ' 
States are overweight or obese. Obesity is the result of a positive energy balance, as a consequence of 
mcreased ratio of caloric intake to energy expenditiite. Epidemiological studies have shown tiiat 
increasing degrees of overweight and obesity are important predictore of decreased life expectancy 
Obesity causes or exacerbates many health problems, both independendy and in association witii other 
diseases. The medical problems associated witii obesity, which can be serious and Ufe-tiueatening 
include hypertension; type 2 diabetes mellitus; elevated plasma insulin concentrations; insulin resistance- 
dyshpidemias; hyperlipidemia; endometiial. breast, prostate and colon cancer; osteoarthritis; respiratory 
complications, such as obstructive sleep apnea; cholelitiiiasis; gallstones; arteiioscelerosis; heart disease- 
abnormal heart rhytiuns; and heart arrytfunias (Kopehnan. P.O., Nature 404, 635-643 (2000)) Obesity is 
further associated witii premature deatii and with a significant increase in mortality and morbidity from 
stix>ke. myocardial mfaiction, congestive heart faUure. coronary heart disease, and sudden deatii. 

In ttie vast majority of obese individuals, the cause of the excess adiposity is not mimediately 
apparent. A currently accepted working hypothesis is tiiat obesity is tfie result of a maladaptation of tiie 
mnate metaboUc response to environmental challenges such as unlimited avaUabiUty of low cost/ energy 
dense foods and sedentariness (HUl et al.. Science 1998; 280:1371). The study of energy intake in free 
living humans has met witi, only Ihnited success and definitive experimental evidence tiiat hypeiphagia 
causes most forms of human obesity is lackmg. FoUowmg tiie discovery of leptin, tiie mterest in the 
neurohormonal regulation of food intake has regained momentimi. However. whUe much knowledge has 
been gamed on die regulation of food intake m rodents and oflier animal species, die miderstanding of die 
neurophysiology of feeding behavior in humans remains extremely limited. 

Pro-opiomelanocortm (POMQ derived peptides are known to affect food intake. Several lines 
of evidence support die notion diat die G-protein coupled receptors (GPCRs) of die melanocortin 
receptor (MC-R) family, several of which are expressed in die brain, are die targets of POMC derived 
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peptides involved in the control of food intake and metaboUsm. A specific single MC-R that may be 
targeted for the control of obesity has not yet been identified, although evidence has been presented that 
MC-4R signalling is important in mediating feed behavior (S.Q. Giraudo et al., "Feeding effects of 
hypothalamic injection of melanocortin-4 receptor ligands," Brain Researrh 80: 302-306 (1998)). 

Evidence for the involvement of MC-R's in obesity includes: i) the agouti (Avy) mouse which 
ectopicaUy expresses an antagonist of the MC-IR. MC-3R and -4R is obese, indicating that blocking the 
action of these three MC-R's can lead to hyperphagia and metabolic disorders; ii) MC-4R knockout mice 
(D.Huszaretal., CeU, 88: 131-141 (1997)) recapitulate the phenotypeofthe agouti mouse and these 
mice are obese; iii) the cyclic heptapeptide MT-H (a non-selective MC-IR, -3R. -4R, and -5R agonist) 
injected intracerebroventricularly (ICV) in rodents, reduces food intake in several animal feeding models 
(NPY. oh/Ob, agouti, fasted) while ICV injected SHU-91 19 (MC-3R and 4R antagonist; MC-IR and -5R 
agonist) reverses this effect and can induce hyperphagia; iv) chronic intraperitoneal treatment of Zucker 
fatty rats with an a-NDP-MSH derivative (HP228) has been reported to activate MC-IR, -3R. ^R. and - 
5R and to attenuate food intake and body weight gain over a 12-week period (I. Corcos et al., "HP228 is 
a potent agonist of melanocortin receptor-4 and significantly attenuates obesity and diabetes in Zucker 
fatty rats," Society for Neuroscience Abstracts, 23: 673 (1997)). 

Five distinct MC-R's have thus far been identified, and these are expressed in different tissues. 
MC-IR was initiaUy characterized by dominant gam of fimction mutations at the Extension locus, 
affecting coat color by controllmg phaeomelanin to eumelanm conversion through control of tyn^inase. 
MC-IR is mainly expressed in melanocytes. MC-2R is expressed in the adrenal gland and represents the 
ACTH receptor. MC-3R is expressed in the brain, gut. and placenta and may be involved in the control 
of food intake and thermogenesis. MC-4R is uniquely expressed in the brain, and its mactivation was 
shown to cause obesity (A. Kask. et al., "Selective antagonist for the melanocortin-4 receptor (HS014) 
increases food intake in free-feeding rats," Biochem. Binphvs. Res. Commn,, , 245: 90-93 (1998)). MC- 
5R is expressed m many tissues, including white fat. placenta and exocrine glands. A low level of 
expression is also observed in the brain. MC-5R knockout mice reveal reduced sebaceous gland lipid 
production (Chen et al.. Cell. 91: 789-798 (1997)). 

Weight loss drugs that are currently used to treat obesity have Umited efficacy and significant 
side effects. Studies of the weight loss medications orlistat (Davidson, M.H. et al. (1999) JAMA 
281:235-42). dexfenfluramme (Guy Grand, B. et al. (1989) Lancet 2:1142-5). sibutramine (Bray, G. A. et 
al. (1999) Obes. Res. &:189-98) and phentermme (Douglas, A. et al. (1983) Int. J. Obes. 7:591-5) have 
demonstrated a Umited weight loss of about 5%-10% of body weight for drug compared to placebo. The 
side effects of these drugs and anti-obesity agents further limit their use. Dexfenfluramine was 
withdrawn from the market because of suspected heart valvulopathy; orlistat is limited by gastromtestinal 
side effects; the use of topiramate is limited by central nervous system effects; and the use of sibutramine 
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is Umited by its cardiovascular side effects which have led to reports of deaths and its withdrawal fiom 
the market in Italy. 

There is a need for a weight loss treatment with enhanced efficacy and fewer undesirable side 
effects. The instant invention addresses this problem by providing melanocortin receptor (MC-R) 
5 agonists, and in particular selective agonists of the melanocortm-4 receptor (MC-4R). useful in the 
treatment and prevention of obesity and obesity-related disorders, including diabetes. 

Melanocortin receptor involvement in male and female sexual dysfunction has also been 
reported. 

ErectUe dysfunction denotes the medical condition of inability to achieve penile erection 

10 sufficient for successful sexual intercourse. The term "impotence" is oftentimes employed to describe 
this prevalent condition. Approximately 140 miUion men worldwide, and, according to a National 
Institutes of Health study, about 30 milUon American men suffer from impotency or erectile dysfunction. 
It has been estimated that the latter number could rise to 47 nriUion men by the year 2000. Erectile 
dysfunction can arise from either organic or psychogenic causes, with about 20% of such cases bemg 

15 purely psychogenic m origin. Erectile dysfunction increases from 40% at age 40, to 67% at age 75. In 
spite of the frequent occurrence of this condition, only a small number of patients have received 
treatment because existing treatment alternatives, such as injection therapies, penile prosthesis 
implantation, and vacuum pumps, have been uniformly disagreeable [for a discussion, see "ABC of 
sexual health - erectile dysfunction," grit. Med. J. 318: 387-390 (1999)]. Only more recently have more 

20 viable treatment modalities become available, in particular oraUy active agents, such as sildenafil citrate, 
marketed by Pfizer under the brand name of Viagra®. (See "Emerging pharmacological therapies for 
erectUe dysfunction." Exp. Opin. Ther. Patents 9: 1689-1696 (1999)). SUdenafil is a selective inhibitor 
of type V phosphodiesterase (PDE-V), a cycUc-GMP-specific phosphodiesterase isozyme [see R.B. 
Moreland "Sildenafil: A Novel hihibitor of Phosphodiesterase Type 5 in Human Corpus 

25 • CavemosumSmoothMuscleCeUs,"LifeSa..62:309-318(1998)]. Prior to the introduction of Viagra® 
on the market, less than 10% of patients suffering from erectile dysfunction received treatment. 
Sildenafil is also being evaluated m the clinic for the treatment of female sexual dysfunction. 

The regulatory approval of Viagra® for the oral treatment of erectile dysfunction has invigorated 
efforts to discover even more effective meUiods to treat erectile dysfunction. Several additional selective 

30 PDE-V inhibitors are in clinical trials. UK-l 14542 is a sUdenafil backup from Pfuerwitii supposedly 
unproved properties. Tadalafil or IC-351 aCOS Corp.) is claimed to have greater selectivity for PDE-V 
over PDE-VI tiian sildenafil. Otfier PDE-V inhibitors include vaidenafil from Bayer, M.54033 and M- 
54018 from Mochida Pharmaceutical Co., and E-4010 from Eisai Co., Ltd. 

Otiier pharmacological approaches to the treatinent of erectile dysfunction have been described 

35 [see, e.g., "Latest Fmdings on the Diagnosis and Treatinent of Erectile Dysfimction." Drue News & 
Perspectives . 9: 572-575 (1996); "Oral Pharmacotiierapy in Erectile Dysfimction." Current Opinion 



-3- 



wo 200S/0099S0 



PCTAJS2004/022911 



10 



15 



20 



25 



30 



35 



Urology. 7: 349-353 (1997)]. A product under clinical development by Zonagen is an oral formulation of 
the alpha-adrenoceptor antagonist phentolamine mesylate under the brand name of Vasomax® . 
Vasomax® is also being evaluated for the treatment of female sexual dysfunction. 

Drugs to treat erectile dysfunction act either peripherally or centrally. They are also classified 
according to whether ttiey "initiate" a sexual response or "faciUtate" a sexual response to prior 
stimulation [for a discussion, see "A Therapeutic Taxonomy of Treatments for Erectile Dysfunction- An 
Evolutionary hnperative." Int. J. Impotence, Res .. 9: 1 15-121 (1997)]. While sildenafU and phentolamine 
act peripherally and are considered to be "enhancers" or "facUitators" of the sexual response to erotic 
Stimulation, sildenafil appears to be efficacious in both mild organic and psychogenic erectile 
dysfunction. Sildenafil has an onset of action of 30-60 minutes after an oral dose witfi the effect lasting 
about 4 hours, whereas phentolamine requires 5-30 minutes for onset with a duration of 2 hours 
Altiiough sildenafil is effective in a majority of patients, it takes a relatively long time for die compound 
to show the desired effects. The faster-acting phentolamine appears to be less effective and to have a 
shorter duration of action than sildenafil. Oral sildenafil is effective m about 70% of men who take it. 
whereas an adequate response with phentolamine is observed in only 35-40% of patients. Bofli 
compounds require erotic stimulation for efficacy. Since sildenafil indirectiy mcieases blood flow m the 
systemic circulation by enhancing the smooth muscle relaxation effects of nitric oxide, it is 
contraindicated for patients with unstable heart conditions or cardiovascular disease, i^ particular 
patients taking nitrates, such as nitiroglycerin. to treat angina. Oflier adverse effects associated with the 
clmical use of sUdenafil include headache, flushing, dyspepsia, and "abnormal vision." the latter the 
result of mhibition of the type VI phosphodiesterase isozyme (PDE-VI). a cyclic-GMP-specific 
phosphodiesterase tiiat is concentrated in ttie retina. "Abnonnal vision" is defined as a mild and transient 
"blmsh" tinge to vision, but also an increased sensitivity to light or blurred vision. 

Syntiietic melanocortin receptor agonists (melanotiropic peptides) have been found to mitiate 
erections m men witii psychogenic erectile dysfunction [See H. Wessells "Syntiietic Melanotropic 
Peptide Initiates Erections in Men With Psychogenic Erectile Dysfunction: Double-BUnd, Placebo 
Continued Crossover Study." JJUM.. 160: 389-393 (1998); Fifteenth An^ri..n Peptide .Svn,^ n.^„^ 
June 14-19. 1997 (Nashville TN)]. Activation of melanocortin receptors of tiie brain appears to cause 
normal stimulation of sexual arousal. In tiie above shidy. die centraUy acting a-melanocyte-stimulating 
hormone analog. melanotan-H (MT-ID. exhibited a 75% response rate, sunilar to results obtained witii 
apomorphine, when injected intramuscularly or subcutaneously to males witf, psychogenic erectile 
dysfiinction. MT-H is a synthetic cyclic heptapeptide. Ac-Nle-c[Asp-His-DPhe-Arg-Tip-Lys]-NH2. 
which contains die 4-10 melanocortin receptor binding region common to a-MSH and 
adrenocorticotropin, but witii a lactam bridge. It is a non-selective MC-IR. .3R. .4R. and -5R agonist 
(Dorr et al.. Life Sciences , Vol. 58. 1777-1784. 1996). MT-H (also referred to as PT-W) (Ecectide®) is 
presentiy in clmical development by Palatin Technologies. Inc. and TheraTech. Inc. as a non-penile 
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subcutaneous injection fonnulation. It is considered to be an "initiator" of the sexual response. Thetinie 
to onset of erection with this drug is relatively short (10-20 minutes) with a duration of action 
approximately 2.5 hours. Adverse reactions observed with MT-H include nausea, flushing, loss of 
appetite, stretching, and yawning and may be the result of activation of MC-IR. MC-2R. MC-3R. and/or 
MC-5R. MT-n must be administered parenterally. such as by subcutaneous, intravenous, or 
intramuscular route, since it is not absorbed into the systemic circulation when given by the oral route. 

MT-n's erectogenic properties apparently are not limited to cases of psychogenic erectUe 
dysfunction in that men with a variety of organic risk factors developed penile erections upon 
subcutaneous injection of the compound; moreover, the level of sexual desire was significantly higher 
after MT-H administration than after placebo [see H. Wessells. "Effect of an Alpha-Melanocyte 
Stimulating Hormone Analog on Penile Erection and Sexual Desire in Men with Organic ErectUe 
Dysfunction," Ift^ogy. 56: 641-646 (2000)]. 

Compositions of melanotropic peptides and methods for the treatment of psychogenic erectUe 
dysfunction are disclosed m U.S. Patent No. 5.576,290. assigned to Competitive Technologies. Methods 
of stmndatmg sexual response in females using melanotropic peptides have been disclosed m U.S Patent 
No. 6,051,555. 

Spiropiperidine, piperidme and piperaane derivatives have been disclosed in WO 99/6«)02 (16 
December 1999); WO 00/74679 (14 December 2000); WO 01^70708 (27 September 2001)- WO 
01/70337 (27 September 2001); WO 01/91752 (6 December 2001); WO 02/059095 (1 August 2002)- 
WO 02/059107(1 August 2002); WO 02/059108(1 August 2002); WO 02/059117(1 August 2002)- WO 
02/068387 (6 September 2002); WO 02/068388 (6 September 2002); WO 03/007949 (30 January 2003)- 
WO 03/009847 (6 February 2003); and WO 03/31410. as agonists of the melanocortm receptor<s) and 
particularly as selective agonists of the MC-4R receptor and thereby useful for the treatment of diseases 
and disorders, such as obesity, diabetes, and sexual dysfunction, includmg erectUe dysfunction and 
female sexual dysfunction. 

Because of the unresolved deficiencies of the various pharmacological agents discussed above 
there is a continuing need in the medical arts for unproved methods and compositions to treat individuals 
suffeimg from psychogenic and/or organic sexual dysfunction. Such methods should have wider 
appUcabiUty. enhanced convenience and ease of conq,Uance. short onset of action, reasonably long 
duration of action, and mimmal side effects with few contraindications, as compared to agents now 
available. 

» is therefore an object of the present mvention t6 provide acylated piperidme derivatives which 
are melanocortin receptor agonists and thereby useful to treat obesity, diabetes, male sexual dysfunction. 

and feniale sexual dysfunction. 

It is another object of the present invention to provide acylated piperidine derivatives which are 
selective agonists of tiie melanocortin-4 (MC-4R) receptor. 
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It is another object of the present invention to provide pharmaceutical compositions comprising 
the melanocortin receptor agonists of the present invention with a pharmaceutically acceptable carrier. 

It is another object of the present invention to provide methods for the treatinent or prevention of 
disorders, diseases, or conditions responsive to tiie activation of tiie melanocortin-4 receptor in a 
5 mammal in need thereof by administering tiie compounds and pharmaceutical compositions of die 
present invention. 

It is anotiier object of tiie present invention to provide metiiods for tiie treatment or prevention of 
obesity, diabetes meUitus, male sexual dysfunction, and female sexual dysfunction by administering tiie 
compounds and pharmaceutical compositions of tiie present mvention to a mammal m need tiiereof. 
10 It is anotiier object of tiie present invention to provide metiiods for tiie treatment of erectile 

dysfunction by administering tiie compounds and pharmaceutical compositions of tiie present invention 
to a mammal in need thereof. 

These and otiier objects will become readUy apparent fix>m tiie detailed description tiiat foUows. 

15 SUMMARY OF THE INVENTION 

The present invention relates to novel 4-phenyl substituted piperidines of stinctural formula L 



20 




(I) 

These piperidme derivatives are effective as melanocortin receptor agonists and are particularly 
effective as selective melanocortin-4 receptor (MC-4R) agonists. They are therefore useful for tiie 
treatinent and/or prevention of disorders responsive to tiie activation of MC-4R, such as obesity, diabetes 
as well as male and female sexual dysfunction, m particular, male erectile dysfunction. 

The present mvention also relates to pharmaceutical compositions comprising tiie compounds of 
the present invention and a pharmaceutically acceptable carrier. 

The present mvention also relates to metiiods for tiie treatinent or prevention of disorders, 
25 diseases, or conditions responsive to the activation of ttie melanocortin^ receptor in a mammal in need 
tiiereof by admmistering tiie compounds and phannaceutical conq)ositions of tiie present invention. 

The present invention also relates to metiiods for tiie treatment or prevention of obesity, diabetes 
mellitus, male sexual dysfunction, and female sexual dysfunction by administering tiie compounds and 
pharmaceutical compositions of the present invention. 
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The present invention also relates to methods for treating erectile dysfunction by administering 
the conq)ounds and pharmaceutical compositions of the present invention. 

The present mvention also relates to methods for treating erectile dysfunction by administering 
the compounds of the present invention in combination with a therapeuticaUy effective amount of 
5 another agent known to be useful to treat the condition. 

The present invention also relates to methods for treating or preventing obesity by administering 
the compounds of the present invention in combination with a therapeutically effective amount of 
another agent known to be useful to prevent or treat the condition. 

The present invention also relates to methods for treating or preventing diabetes by administering 
10 the compounds of the present invention m combination with a therapeutically effective amount of 
another agent known to be useful to prevent or treat the condition. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to 4-substituted N-acylated piperidme derivatives useful as 
15 melanocortin receptor agonists, in particular, as selective MC-4R agonists. Compounds of the present 
invention are described by structural formula I: 




or a pharmaceutically acceptable salt thereof; 
wherein 

20 

R1 is selected from the group consisting of: 



(1) 


hydrogen. 


(2) 


amidino. 


(3) 


Ci^ alkyliminoyl. 


(4) 


Cl-io alkyl. 


(5) 


-(CH2)n-NR7R8, 


(6) 


-(CH2)n-C3-7 cycloalkyl. 


(7) 


-(CH2)n-phenyl, 


(8) 


-(CH2)n-naphthyl, and 
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(9) -(CH2)n-heteroaryl, 
wherein phenyl, naphthyl. and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with 
one to three groups independently selected from R3 and oxo; 

5 

R2 is selected from the group consisting of: 

(1) * phenyl, 

(2) naphthyl, and 

(3) heteroaryl, 

0 wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected fromR3; 

each R3 is mdependently selected from the group consisting of: 





\*^} 


nyorogen. 


15 


(2) 


Ci^alkvl 




(3) 






(4) 


-(CH2)n-naphthyl, 




(5) 


-(CH2)n-heteroaryl, 




(6) 


-(CH2)n-heterocycloalkyl, 


20 


(7) 


-(CH2)nC3-7 cycloalkyl. 




(8) 


halogen. 




(9) 


0R6, 




(10) 


-(CH2)nN(R6)2, 




(11) 


-(CH2)nCsN, 


25 


(12) 


-(CH2)nC02R6, 




(13) 


N02. 




(14) 


-(C3l2)nNR6S02R6. 




(15) 


-(CH2)nS02N(R6)2, 




(16) 


-(CH2)nS(0)pR6, 


30 


(17) 


-(CH2)nNR6C(0)N(R6)2, 




(18) 


-(CH2)nC(0)N(R6)2. 




(19) 


-(CH2)nNR6c(0)R6, 




(20) 


-(CH2)nNR6C02R6, 




(21) 


-(CH2)nNR6C(0)-heteroaryl, 


35 


(22) 


-(CH2)nC(0)NR6N(R6)2, 
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(23) -(CH2)nC(0)NR6NR6C(0)R6, 

(24) 0(CH2)nC(0)N(R6)2, 

(25) CF3. 

(26) CH2CF3, 

(27) OCF3, and 

(28) OCH2CF3, 

wherein phenyl, naphthyl. heteroaryl, cycloalkyl, and heterocycloalkyl are imsubstituted or substituted 
with one to three substituents independently selected from halogen, hydroxy, 0x0. Ci^ alkyl, 
tiifluoromethyl. and C1-4 alkoxy, and wherein any methylene (CH2) carbon atom in R3 is unsubstituted 
or substituted with one to two groups independently selected from halogen, hydroxy, and Ci^ alkyl, or 
wherein two substituents when on the same methylene (CH2) group are taken together with the carbon 
atom to which they are attached to form a cyclopropyl group; 

R* is selected from the group consisting of: 

15 (1) -(CH2)n-N(R5)-NR5R6, 

(2) -(CH2)n-N(R5)-(CH2)q-NR5R6, 

(3) -(CH2)n-N(R5)<;(=NR5).NR5R6, 

(4) -(CH2)n-N(R5)-(CH2)q-N(R5)-(C=NR5)-NR5R6, 

(5) -(CH2)n-N(R5) -(CH2)n-C(R5)(N(R5)2)-(CH2)q-OR6, 
20 (6) -(CH2)n-N(R5)-(CH2)n-C(R5)(N(R5)2)(CH2)n-R6. 

(7) -(CH2)n-N(R5)-(CH2)n-C(R5)(N(R5)2)(CH2)q-S(0)p-R6, 

(8) -(CH2)n-N(R5)-(CH2)n-C(R5)(N(R5)2)(CH2)q-NR5R6, 

(9) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(N(R5)2)(CH2)n-R6, 

(10) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(N(R5)2)(CH2)q-S(0)p-R6. 
25 (1 1) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(N(R5)2)(CH2)q-NR5R6, 

(12) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(N(R5)2)(CH2)q^-R6, and 

(13) -(CH2)n-N(R5)-R9, 

wherein (CH2)n is unsubstituted or substituted with one to three groups independently selected from 
halogen, C1-4 alkyl, hydroxy, 0x0, and Ci^ alkoxy; 

30 

R5 is selected from the group consisting of: 

(1) hydrogen, 

(2) Ci-6 alkyl, and 

(3) C(0)Ci^ alkyl. 
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wherein alkyl is unsubstituted or substituted with one to three groups mdependenUy selected ftom 
halogen, Ci^ alkyl, hydroxy, oxo, and Ci^ alkoxy; 

R6 is selected from the group consisting of: 

(1) hydrogen, 

(2) Ci.6 alkyl, 

(3) C(0)Ci.6 alkyl, 

(4) -(CH2)nC3-7cycloalkyl, 

(5) -(CH2)nC2-7 heterocycloalkyl, 

(6) -(CH2)n-phenyl, 

(7) -(CH2)n-naphthyl, 

(8) -(CH2)n-het»oaryl, and 

(9) -(CH2)nC3-7bicycloalkyl, 

wherein alkyl. phenyl, heteroaiyl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CH2)n ate 
unsubstituted or substituted with one to three groups independently selected fo>m halogen, Ci^ alkyl. 
hydroxy, and Ci^ alkoxy, or wherein two r6 groups together with the atom to which they are attached 

fonn a 4- to 8-membered mono- or bicycHc ring system optionally containing an additional heteroatom 
selected from O, S, and -NCi^ alkyl; 

each R7 and R8 is independently selected from the group consisting of: 



(1) 


hydrogen. 


(2) 


amidino. 


(3) 


Ci^ aUgrliminoyl, 


(4) 


Ci-io alkyl. 


(5) 


-(CH2)n-C3-7 cycloalkyl. 


(6) 


-(CH2)n-phenyl, 


(7) 


-(CH2)n-naphthyl, and 


(8) 


-(CH2)n-lieteroaryl, 



wherein phenyl, naphthyl. and heteroaryl are unsubstituted or substituted with one to three groups 
independenUy selected from R3. and wherein alkyl and cycloalkyl are unsubstituted or substituted with 
one to three groups independently selected from R3 and oxo; 

R9 is selected from the group consisting of: 

(1) alanine, 

(2) glycine, 

(3) proline. 
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(4) 


cysteine. 




(5) 


histidine, 




(6) 


glutamine, 




(7) 


aspartic acid, 


5 


(8) 


isoleucine. 




(9) 


arginine. 




(10) 


, glutamic acid. 




(11) 


lysine. 




(12) 


serine. 


10 


(13) 


phenylalanine. 




(14) 


leucine. 




(15) 


threonine. 




(16) 


tryptophan. 




(17) 


methionine. 


15 


(18) 


valine. 




(19) 


tyrosine. 




(20) 


asparagine. 




(21) 


2-aminoadiDic acid 




(22) 


beta-alanine. 


20 


(23) 


2-aminoheDtanedioic aciH 




(24) 


2-aminobutvric acid 




(25) 


4-aniinobutyric acid, 




(26) 


2,4-diaminobutvric acid 




(27) 


citrulline. 


25 


(28) 


cycloserine, 




(29) 


norvaline. 




(30) 


norleucine, 




(31) 


ornithine. 




(32) 


penicillamine, 


30 


(33) 


nhBTivl cri vpin^ 




(34) 


phenylisoserine. 




(35) 


phenylstatine. 




(36) 


pipecolic acid. 




(37) 


piperidine carboxylic acid. 


35 


(38) 


pyroglutamic acid. 




(39) 


sarcosine. 
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(40) statine, 

(41) allo-threonine, 

(42) t-leucine, 

(43) 2-aminoisobutyric acid, and 

(44) 3-ainmoisobutyric acid; 

Z is selected from the group consisting of: 

(1) C(Rl), and 

(2) N; 

r is 1 or 2; 
s is 0, 1, or 2; 
nis 0, l,2,or3; 
pis 0.1, or 2; and 
qis 1,2, 3, or 4. 

In one embodiment of the compounds of structural formula I. Rl is selected from the group 
consisting of: hydrogen, Ci^ alkyl, -(CH2)0-lC3.6 cycloalkyl. and -(CH2)0-1 -phenyl, wherein phenyl is 
unsubstituted or substituted with one to three groups independently selected fromR3. and wherein alkyl 
and cycloalkyl are optionally substituted with one to thi^e groups mdependently selected fromR3 and 
oxo. In a class of this embodiment. Rl is selected from the group consisting of: hydrogen, and Ci^ 
alkyl. and alkyl is optionaUy substituted with one to three groups independently selected fromR3 and 
oxo. In another class of this embodunent, Rl is -(CH2)0-1-NR7r8. 

In a second embodiment of the compounds of structural formula I, R2 is phenyl or thienyl 
optionaUy substituted with one to three groups independentiy selected from R3 . lb a class of this 
einbodiment, r2 is phenyl optionally substituted with one to three groups independentiy selected from 
R3. 

In a third embodiment of the compounds of structural formula I, r3 is selected from the group 
consisting of: alkyl, -(CH2)„-phenyl. -(CH2)„-heteroaryl, -(CH2)„C2-7 heterocycloalkyl. - 
(CH2)nC3-7 cycloalkyl, halogen. 0R5. -(CH2)nN(R5)2, -(CH2)„C02R5, NO2. and CF3, wherein 
phenyl, naphthyl, and heteioaryl are unsubstituted or substituted witii one to tiiree substituents 
mdependently selected from halogen, hydroxy. Ci^ alkyl, trifluorometiiyl. and Ci^ alkoxy. and 
wherein alkyl. cycloalkyl. heterocycloalkyl. and (CH2) are unsubstituted or substituted witii one to three 
substituents independentiy selected from halogen, hydroxy. 0x0, alkyl. trifluoromethyl. and Ci^ 
alkoxy. or wherein two substituents when on die same methylene (CH2) group are taken togettier witii 
tiie carbon atom to which tiiey are attached to form a cyclopropyl group. In a class of this embodiment 
R^ IS selected from ttie group consisting of: Ci^ alkyl, halogen, and 0R5, wherein alkyl is 
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unsubstituted or substituted with one to three substituents independently selected from halogen, hydroxy, 
oxo. Ci^ alkyl, trifluoromethyl, and Ci_4 alkoxy. 

In another embodiment of compounds of structural formula I. R4 is selected from the group 
consisting of: 
5 (1) -(CH2)n-N(R5)-NH2. 

(2) -(CH2)n-N(R5)-(CH2)q-NH2, 

(3) -(CH2)n-N(R5)-(CH2)n-NR5R6, 

(4) -(CH2)n-N(R5)-(CH2)n-NHCi-6 allcyl. 

(5) -(CH2)n-N(R5)-(CH2)n-N(Ci^alkyl)2, 

10 (6) -(CH2)n-N(R5)-(CH2)n-NHC(0)Ci^ alkyl, 

(7) -(CH2)n-N(R5HCH2)n-N(R5)CXO)Ci^ alkyl. 

(8) ■(CH2)n-N(R5).(CH2)n-N(C(0)Ci^alkyl)2, 

(9) -(CH2)n-N(R5)<;(=NH)-NH2, 

(10) -{CH2)n-N(R5KCH2)q-NH(C=NH)-NH2, 

15 (11) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-OH, 

(12) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-OCi^ alkyl. 

(13) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-OR6. 

(14) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)n-heteroaryl. 

(15) -(CH2)n-N(R5).(CH2)n-C(R5)(NH2)(CH2)n-R6. 
20 (16) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-SH. 

(17) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-S-Ci^ alkyl, 

(18) -(CH2)n-N(R5HCH2)n-C(R5)(NH2)(CH2)q-S-R6, 

(19) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-NH2, 

(20) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-NHR6. 
25 (21) -(CH2)n-N(R5)<CH2)„-C(R5)(NH2)(CH2)q-NR5R6, 

(22) -(CH2)n-N(R5)4r(0)(CH2)n-C(R5)(NH2)(CH2)n-heteroaryl. 

(23) -(CH2)n-N(R5)<XO)(CH2)n-C(R5)(NH2)(CH2)q-SH, 

(24) -(CH2)n-N(R5)^0)(CH2)n-C(R5)(NH2)(CH2)q-S<:i^ alkyl. 

(25) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(NH2)(CH2)q-NR5R6, and 
30 (26) -(CH2)n-N(R5).R9, 

wherein alkyl and (CH2)n are unsubstituted or substituted with one to three groups independenfly 
selected from halogen, Ci^ alkyl. hydroxy, oxo, and Ci^ alkoxy, and heteroaiyl is unsubstituted or 
substituted with one to three groups independentiy selected from halogen, Ci^ alkyl, hydroxy, and Ci^ 
alkoxy. 



35 



In another embodiment of compounds of structural formula I. R4 is selected from the group 
consisting of: 
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(1) -(CH2)n-N(R5)-NH2. 

(2) -(CH2)n-N(R5)<CH2)q-NH2. 

(3) -(CH2)n-N(R5)-(CH2)q-NHCl^alkyl. 

(4) -(CH2)n-N(R5)-(CH2)q-N(Ci^ alkyl)2, 

5 (5) -(CH2)n-N(R5)-(CH2)q.NHC(0)Cl^alkyl, 

(6) -(CH2)n-N(R5)-C(=NH)-NH2, 

(7) -(CH2)n-N(R5)-(CH2)q-NH(C=NH)-NH2. 

(8) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-OH, 

(9) -(CH2)n-N(R5)-(CH2)n-C(R5)(NH2)(CH2)q-OCi^ alkyl. 
10 (10) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(NH2)(CH2)n-heteroaryl. 

(11) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(NH2)(CH2)q-S-Ci_6 alkyl. 

(12) -(CH2)n-N(R5)-C(0)(CH2)n-C(R5)(NH2)(CH2)q-NR5R6. and 

(13) -(CH2)n-N(R5)-R9, 

wherein alkyl and (CH2)n are unsubstituted or substituted with one to three groups independently 
15 selected ftom halogen, Ci^ alkyl. hydroxy, oxo, and Ci^ alkoxy, and heteroaryl is unsubstituted or 

substituted with one to three groups independentty selected fiom halogen. Ci^ alkyl, hydroxy, and Ci^ 
alkoxy. 

In one embodiment of the compounds of fonnula I, r6 is selected ftom the group consisting of: 
hydrogen, Ci.6 alkyl, C(OX:i.6 alkyl, and -(CH2)n-heteroaryl. wherein alkyl, heteroaryl, and (CH2) are 
20 unsubstituted or substituted with one to three groups independently selected from halogen, Ci^ alkyl, 
hydroxy, and C1-4 alkoxy, or wherein two R6 groups together with the atom to Which they are attached 

form a 4- to 8-membered mono- or bicycUc ring system optionally contaimng an additional heteroatom 
selected from O, S, and -NCi^ alkyl. 

In another embodiment of compounds of formula I, Z is N. In a class of this embodiment, Z is N 
25 and Rl is selected from the group consisting of: hydrogen, 

amidino. Ci^ alkyliminoyl, Cmq alkyl, -(CH2)n-C3-7 cycloalkyl, -(CH2)n-phenyl, 
-(CH2)n-naphthyl. and -(CH2)n-heteroaryl. In a subclass of this class, Z is N and Rl is Ci-io alkyl. 

In another embodiment of compounds of fonnula I, Z is CH. In a class of this embodiment, Z is 
CH and Rl is -(CH2)n-NR7R8. 

30 In yet a further embodunent of compounds of structural formula I, r is 1 or 2 and s is 1 . 

In yet a further embodiment of the confounds of the present invention, there are provided 
compounds of structural formula Ha or lib of the indicated relative stereochemical configurations having 
the trans orientation of the phenyl and piperidinecarbonyl substituents: 
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or a pharmaceutically acceptable salt thereof; 
wherein 



5 Rl is selected from the group consisting of: hydrogen, amidino. Ci^ alkyliminoyl, Ci^ alkyl, C5.6 
cycloalkyi, -(CH2)0-1 phenyl, and -(CH2)o.i heteroaiyl. wherein phenyl and heteroaiyl are unsubstituted 
or substituted with one to three groups mdependently selected from R3. and wherein alkyl and cycloalkyi 
are unsubstituted or substituted with one to three groups independentiy selected from R3 and 0x0; 

10 each R3 is independently selected from the group consisting of: 



15 



20 



25 



(1) 


hydrogen. 


(2) 


Ci-6 alkyl. 


(3) 


-(CH2)n-phenyl, 


(4) 


-(CH2)n-naphthyl, 


(5) 


-(CH2)n-heteroaryl, 


(6) 


-(CH2)n-heterocycloallcyl. 


(7) 


-(Cai2)nC3-7 cycloalkyi. 


(8) 


halogen. 


(9) 


0R6, 


(10) 


-(CH2)nN(R6)2, 


(11) 


-(CH2)nON, 


(12) 


-(CH2)nC02R6, 


(13) 


NO2, 


(14) 


-(CH2)nNR4S02R6, 


(15) 


-(CH2)nS02N(R6)2, 


(16) 


-(CH2)nS(O)0-iR6, 


(17) 


-(CH2)nNR6C(0)N(R6)2. 


(18) 


-(CH2)nC(0)N(R6)2. 


(19) 


-(CH2)nNR6c(0)R6, 
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(20) -(CH2)nNR6c02R6, 

(21) -(CH2)nNR6C(0)-heteroaiyl, 

(22) -(CH2)nC(0)NR6N(R6)2, 

(23) -(CH2)nC(0)NR6NR6c(0)R6, 

(24) 0(CH2)nC(0)N(R6)2. 

(25) CF3. 

(26) CH2CF3, 

(27) OCF3, and 

(28) OCH2CF3, 

wherein phenyl, naphthyl. heteroaryl. cycloalkyl. and heterocycloalkyl are unsnbstituted or substituted 
with one to three substituents independently selected from halogen, hydroxy, 0x0. C1-4 allcyl 
trifluoromethyl. and Ci^ alkoxy. and wherein any methylene (CH2) carbon atom in R3 is unsubstituted 
or substituted with one to two groups independently selected from halogen, hydroxy, and Ci^ alkyl or 
wherem two substituents when on the same methylene (CH2) group are taken together with the carbon 
atom to which they are attached to fonn a cyclopropyl group; 

R4 is selected from the grotq) consisting of: 

(1) -(CH2)-N(R5)-Nr5r6 

(2) -(CH2)-N(R5)-(CH2)i.3.nr5r6, 

(3) -(CH2)-N(R5)-C(=NR5)-NR5r6 

(4) -(CH2)-N(R5).(CH2)i.3-N(R5)-(C=Nr5).nr5r6, 

(5) -(CH2)-N(R5) -(CH2)0-2-C(R5)(N(R5)2)-(CH2)1-2-OR6, 

(6) -(CH2)-N(R5)-(cH2)0-2-C(R5)(N(R5)2)(CH2)i.2-R6. 

(7) -(CH2)-N(R5)-(CH2)0-2-C(R5)(N(R5)2)(CH2)i.2-S-R6. 

(8) -(CH2)-N(R5)^cH2)0-2-C(R5)(N(R5)2)(CH2)1-4-NR5r6. 

(9) -(CH2)-N(R5)-C(O)(CH2)0-2-C(R5)(N(R5)2)(CH2)i-2-R6, 

(10) -(CH2)-N(R5)<:(0)(CH2)o-2-C(R5)(N(R5)2)(CH2)1-2-S-R6, 

(11) -(CH2)-N(R5)-C(O)(CH2)0-2-C(R5)(N(R5)2)(CH2)i^-NR5r6, and 

(12) -(CH2)-N(R5)-R9, 

wherein (CH2) is unsubstituted or substituted with one to three groups independently selected from 
halogen, C1-4 alkyl, hydroxy. 0x0, and Ci^ alkoxy; 

R5 is selected from the group consisting of: 

(1) hydrogen, 

(2) Ci^ allcyl, and 
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(3) C(0)Ci-6alkyl. 

wherein alkyl is unsubstituted or substituted with one to three groups mdependenUy selected ftom 
halogen, Ci^ alkyl, hydroxy, oxo, and Ci^ alkoxy; 

R6 is selected from the group consisting of: 

(1) hydrogen, 

(2) Ci-e alkyl, 

(3) C(0)Ci.6 alkyl, 

(4) -(CH2)nC3-7 cycloalkyl, 

(5) -(CH2)iiC2-7 heterocycloalkyl. 

(6) -(CH2)n-phenyl, 

(7) -(CH2)n-naphthyl, 

(8) -(C3H2)n-heteroaryl, and 

(9) -(CH2)nC3^bicycloalkyl, 

wheiem alkyl. phenyl, heteroaiyl. heterocycloalkyl, naphthyl. cycloalkyl. bicycloalkyl and (CHzhx are 
unsubstituted or substituted with one to three groups independently selected from halogen, Ci^ alkyl, 
hydroxy, and Ci^ alkoxy. or wherem two r6 groups together with the atom to which they are attach«i 
form a 4- to 8-membered mono- or bicyclic ring system optionaUy containing an additional heteroatom 
selected from O, S, and -NCi^ alkyl; 

each R7 and r8 is independentty selected from flje group wnsistmg of: 

(1) hydrogen, 

(2) amidino, 

(3) Ci^ alkyliminoyl. 

(4) Ci-io alkyl, 

(5) -(CH2)n-C3-7 cycloalkyl, 

(6) -(CH2)n-phenyl. 

(7) -(CH2)n-naphthyl, and 

(8) -(CH2)n-heteroaryl, 

wherein phenyl, naphthyl. and heteroaiyl are unsubstituted or substituted with one to three groups 
mdependently selected from R3. and wherein alkyl and cycloalkyl are unsubstituted or substituted with 
one to three groups mdependenfly selected from R3 and oxo; 

R9 is selected from the group consisting of: 
(1) alanine. 
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(2) 


glycine. 


(3) 


proline. 


(4) 


cysteine. 


(5) 


histidine, 


(6) 


glutamine. 


(7) 


aspartic acid. 


(8) 


isoleucine, 


(9) 


arginine. 


(10) 


glutaioic acid, 


(11) 


lysine. 


(12) 


serine, 


(13) 


phenylalanine. 


(14) 


leucine. 


(15) 


threonine. 


(16) 


tryptophan. 


(17) 


methionine. 


(18) 


valine. 


(19) 


tyrosine, 


(20) 


asparagine. 


(21) 


2-aininoadipic acid, 


(22) 


beta-alanine. 


(23) 


2-aiiunoheptanedioic acid. 


(24) 


2-aminobutyric acid. 


(25) 


4-aininobutyric acid, 


(26) 


2,4-diaminobutyric acid. 


(27) 


citrulline, 


(28) 


cycloserine. 


(29) 


norvaline. 


(30) 


norleucine, 


(31) 


ornithine. 


(32) 


penicillamine. 


(33) 


phenylglycine. 


(34) 


phenylisoserine. 


(35) 


phenylstatine. 


(36) 


pipecolic acid. 


(37) 


piperidine carboxylic acid. 



-18- 



wo 2005/009950 



PCTAJS2004/022911 



(38) pyroglutamic acid, 

(39) sarcosine, 

(40) statine, 

(41) allo-threonine, 

(42) t4eucine, 

(43) 2-aiiiinoisobutyric acid, and 

(44) 3-aminoisobutyric acid; 

Z is selected jfrom the group consisting of: 

(1) C(Rl). and 

(2) N; 

r is 1 or 2; 

sis 0,1, or 2; and 

nis 0,1, 2, 3 or 4. 



In yet a further embodiment of the compounds of the present invention, there are provided 
compounds of structural formula ma or mb of the mdicated relative stereochemical configurati. 
havmg the trans orientation of the difluorophenyl and piperidinecarbonyl substituents: 



ons 




or a pharmaceutically acceptable salt thereof; 
wherein: 



Rl is selected from the group consisting of: hydrogen, Ci^ alkyl, and -(CH2)o.l phenyl; 

each R3 is mdependently selected from the group consisting of: 

(1) hydrogen, 

(2) Ci-6 alkyl. 
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10 



15 



20 



25 



(3) 


-(CH2)n-phenyl, 


(4) 


-(CH2)n-naphthyl, 


(5) 


-(CH2)n-heteroaryl, 


(6) 


-(CH2)n-heterocycloalkyl, 


(7) 


-(CH2)nC3-7 cycloallcvl 


(8) 


halogen. 


(9) 


0R6, 


(10) 


-(CH2)nN(R6)2, 


(11) 


-(CH2)nON, 


(12) 


-(CH2)nC02R6, 


(13) 


N02. 


(14) 


-(CH2)nNR6S02R6, 


(15) 


-(CH2)nS02N(R6)2, 


(16) 


-(CH2)nS(O)0-iR6. 


(17) 


-(CH2)nNR6C(0)N(R6)2. 


(18) 


-(CH2)nC(0)N(R6)2, 


(19) 


-(CH2)nNR6C(0)R6, 


(20) 


-(CH2)nNR6c02R6, 


(21) 


-(CH2)nNR6c(0)-heteroarvl 


(22) 


-(CH?)TiC(0)NR6NnR6^o 


(23) 


-(CH2)nC(0)NR6NR6c(O)R6, 


(24) 


0(CH2)nC(0)N(R6)2, 


(25) 


CF3. 


(26) 


CH2CF3, 


(27) 


OCF3, and 


(28) 


OCH2CF3. 



wherein phenyl, naphthyl. heteroaiyl, cycloalkyl, and heterocycloalkyl are unsubstituted or substituted 
with one to three substituents independently selected from halogen, hydroxy, 0x0, Ci^ alkyl, 
trifluoromethyl. and Ci^ alkoxy. and wheiem any methylene (CH2) carbon atom in R3 is unsubstituted 
30 or substituted with one to two groups mdependentiy selected from halogen, hydroxy, and Ci^ alkyl or 
wherein two substituents when on the same methylene (CH2) group are taken together with the carbon 
atom to which they are attached to form a cyclopropyl group; 

R4 is selected from the group consisting of: 
35 (1) -(CH2)-N(R5).nr5r6 
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(2) -(CH2)-N(R5)-(CH2)i.3.NR5r6. 

(3) -(CH2)-N(R5)<X=NR5)-NR5r6, 

(4) -(CH2)-N(R5)-(CH2)i-3-N(R5)^C=NR5).nr5r6, 

(5) -(CH2)-N(R5hcH2)0-2-C(R5)(N(R5)2)-(CH2)i.2-OR6, 

(6) -(CH2)-N(R5)-(CH2)o-2-C(R5)(N(R5)2)(CH2)1-2-R6 

(7) -(CH2)-N(R5)-(CH2)0-2-C(R5)(N(R5)2)(CH2)i.2-S-R6, 

(8) -(CH2)-N(R5hcH2)0-2-C(R5)(N(R5)2)(CH2)i^-NR5r6 

(9) -(CH2)-N(R5)^{O)(CH2)0-2-C(R5)(N(R5)2)(CH2)i.2-R6. 

(10) -(CH2)-N(R5)-C(0)(CH2)0-2-C(R5)(N(R5)2)(CH2)1-2-S-R6. 

(11) -(CH2)-N(R5)-C(O)(CH2)0.2-C(R5)(N(R5)2)(CH2)i^-NR5r6. and 

(12) -(CH2)-N(R5)-R9, 

wherein (CH2) is unsubstitated or substituted with one to three groups independenUy selected from 
halogeai, C1-4 allqrl, hydroxy, 0x0, and Ci^ alkoxy; 

R5 is selected from the groiq) consisting of: 

(1) hydrogen, 

(2) C1.6 alkyl, and 

(3) C(0)Ci^ alkyl, 

wherein alkyl is unsubstituted or substituted with one to three groups independently selected from 
halogen, Ci^ alkyl, hydroxy, 0x0, and C1-4 alkoxy; 

R6 is selected from the group consisting of: 



(1) 


hydrogen. 


(2) 


C1.6 alkyl. 


(3) 


C(0)Ci^ alkyl. 


(4) 


-(CH2)nC3-7 cycloalkyl. 


(5) 


-(CH2)nC2-7 heterocycloalkyl. 


(6) 


-(CH2)n-phenyl, 


(7) 


-(CH2)n-naphthyl, 


(8) 


-(CH2)n-heteroaryl, and 


(9) 


-(CH2)nC3^ bicycloalkyl, 



wherein alkyl, phenyl, heteroaiyl, heterocycloalkyl, naphthyl. cycloalkyl, bicycloalkyl and (CH2)n are 
unsubstituted or substituted with one to three groups independenUy selected from halogen. Ci^ alkyl, 
hydroxy, and Ci^ alkoxy, or wherein two R6 groups together with the atom to which they are attached 
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form a 4- to 8-membered mono- or bicycUc ring system optionaUy containing an additional heteroatom 
selected from O, S, and "NC1-4 alkyl; 

each R7 and r8 is independently selected from the group consistmg of: 



(1) 


hydrogen. 


(2) 


amidino, 


(3) 


Ci-4 alkyliminoyl. 


(4) 


Ci-io alkyl, 


(5) 


-(CH2)n-C3.7 cycloalkyl. 


(6) 


-(C3J2)n-phenyl. 


(7) 


-(CH2)n-naphthyl, and 


(8) 


-(CH2)n-heteioaryl, 



wherein phenyl, naphthyl. and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from r3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with 
one to three groiq>s independentiy selected from r3 and oxo; 



R9 is selected from the group i 


(1) 


alanine. 


(2) 


glycine. 


(3) 


proline, 


(4) 


cysteine. 


(5) 


histidine. 


(6) 


glutamine. 


(7) 


aspartic acid. 


(8) 


isoleucine. 


. (9) 


arginine, 


(10) 


glutamic acid. 


(11) 


lysine. 


(12) 


serine. 


(13) 


phenylalanine. 


(14) 


leucine. 


(15) 


threonine. 


(16) 


tryptophan, 


(17) 


methionine. 


(18) 


valine. 


(19) 


tyrosine. 
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(20) 


asparagine. 


(21) 


2-animoadipic acid, 


(22) 


beta-alanine. 


(23) 


2-aniinoheptanedioic acid. 


(24) 


2-aminobutjrric acid. 


(25) 


4-aininobutyric acid. 


(26) 


2,4-diaminobutyric acid. 


(27) 


citnilline. 


(28) 


cycloserine. 


(29) 


norvaliae, 


(30) 


norleucine. 


(31) 


ornithine. 


(32) 


penicillamine, 


(33) 


phenylglycine, 


(34) 


phenylisoserine. 


(35) 


phenylstatine, 


(36) 


pipecolic acid. 


(37) 


piperidine carboxylic acid. 


(38) 


pyroglutamic acid. 


(39) 


sarcosine, 


(40) 


statine. 


(41) 


allo-threonine. 


(42) 


t-leucine. 


(43) 


2-aniinoisobutyric acid, and 


(44) 


S-aminoisobutyric acid; 



Z is selected from the group consisting of : 

(1) C(Rl),and 

(2) N; 

r is 1 or 2; 

s is 0, 1, or 2; and 

nis 0,1, 2, 3, or 4. 

In yet a further embodiment of the compounds of the present invention, there ate provided 
compounds of structural formula IVa or IVb 
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wherein Rl, r2, r3, r4, r, s, n, p, and q are as defined supra; and 
phaimaceutically acceptable salts thereof. 

In yet a further embodiment of the compounds of the present invention, there are provided 
coropounds of structural formula Va or Vb 




wherein Rl, R2, r3, r4 r, s, n, p, and q are as defined supra; and 
pharmaceutically acceptable salts thereof. 

In yet a fiuther embodiment of the compounds of the present invention, there are provided 
compounds of structural formula Via or VIb: 




wherein Rl, r2, r3, r4, r, s, n, p, and q are as defined supra; and 
pharmaceutically acceptable salts thereof. 

Dlusttative but nonlimiting examples of compounds of the present invention that are useful 
melanocortin-4 receptor agonists are the following: 
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or a pharmaceutically acceptable salt thereof. 

The compounds of structural formula I are effective as melarxocortin receptor agonists and axe 
particularly effective as selective agonists of MC-4R. They are therefore useful for the treatment and/or 
prevenuon of disorders responsive to the activation of MC^R. such as obesity, diabetes as well as male 
and/or female sexual dysfunction, in particular. erectUe dysfunction, and further m particular male 
erectile dysfunction. 

Another aspect of the present invention provides a method for the treatment or prevention of 
obesity or diabetes in a mammal in need thereof which comprises administering to said mammal a 
therapeuticaUy or prophylactically effective amount of a compomid of structural fonnula I 

Another aspect of the present invention provides a method for the treatment or prevention of 
male or female sexual dysfunction including erectUe dysfunction which comprises administering to a 
nuonmal in need of such tieatment or prevention a therapeutically or prophylactically effective amount of 
a compound of structural fonnula L 

Another aspect of the present mvention provides a pharmaceutical composition comprising a 
compound of structural formula I and a pharmaceutically acceptable earner. 

Another aspect of the present invention provides a method for the treatment or prevention of 
male or female sexual dysfunction including eiectile dysfunction which comprises administering to a 
mammal in need of such treatment or prevention a therapeutically or prophylacticaUy effective amount of 
a compound of structural formula I in combination with a therapeutically effective amount of another 
agent known to be useful for tiie treatment of tiiese conditions. 

Yetanotiieraspectofthepresentinventionprovidesametiiodfortiietreatmentorpreventionof 
obesity which comprises administering to a mammal in need of such treatment or prevention a 
tiierapeutically or prophylactically effective amount of a compound of structural formula I in 
combination with a therapeutically effective amount of another agent known to be useful for flie 
treatment of this condition. 

Yet another aspect of the present invention relates to the use of a compound of fonnula I for tiie 
manufacture of a medicament useful for tiie treatment or prevention, or suppression of a disease mediated 
by the melanocortin-4 receptor in a mammal in need tiiereof . 

Yet anotiier aspect of tiu. present invention relates to the use of a compound of fonnula I for the 
manufacture of a medicament useful for the treatment or prevention, or suppression of a disease mediated 
by tiie melanocortin-4 receptor, wherein tiie disease is selected from tiie group consisting of: obesity 
diabetes, male sexual dysfunction and female sexual dysfunction in a mammal in need tiiereof. 

Yet anotiier aspect of tiie present invention relates to tiie use of a con,>ound of formula I for tiie 
manufacture of a medicament useful for tiie treatinent or prevention, or suppression of male erectile 
dysfunction in a mammal in need thereof. 
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Melanocortin receptor agonist compounds can be provided in kit. Such a kit typicaUy contains 
an active compound in dosage forms for administration. A dosage form contains a sufficient amount of 
acuve compound such that a beneficial effect can be obtained when administered to a subject during 
regular mtervals. such as 1 to 6 times a day. during the course of 1 or more days. " Preferably a kit 
contains instructions indicating the use of the dosage form for weight reduction ie.g.. to treai obesity or 
overweight) or sexual dysfunction, and the amount of dosage form to be taken over a specified time 
period. 

Throughout the instant appUcation, the following terms have the indicated meanings- 
The term "alkyl", as well as other groups having the prefix "alk", such as alkoxy. alkanoyl 
means carbon chains of the designated length which may be in a straight or branched configuration or 
combmations theieof. Exanq,les of alkyl groups include methyl, ethyl, n-propyl. isopropyl. n-butyl 1- 
methylpixjpyl, 2-methylpropyl. tert-butyl. n-pentyl. l-methylbutyl. 2.methylbutyl. 3-methylbutyl 1 2- 
dmiethylpropyl. 1.1-dimethylpropyl. 2.2^thylpropyl. n-hexyl. 1-methylpentyl. 2-methylpentyl 3- 
methylpentyl. 4-methylpentyl. 1-ethylbutyl. 2-ethylbutyl. 3-ethylbutyl. l.l^thyl butyl 1 2- 
dmiethylbutyl. l,3^thylbutyl. 2.2-dimethylbutyl. 2.3-dimethylbutyl. 3.3-dimethyl butyl, n-heptyl 1- 
methylhexyl. 2-methylhexyl. 3-methylhexyl. 4-methylhexyl. 5-methylhexyl. l-e&ylpentyl. 2-ethylpentyl 
3-ethylpentyl. 4-ethylpentyl. 1-propylbutyl, 2-propylbutyl. 3-propylbutyl. 1.1-dimethylpentyl 1 2- 
dimethylpentyl. 1,3-dimethylpentyl. 1.4-dm.ethylpentyl. 2,2Hdimethylpentyl. 2.3-dimethylpe,ityl 2 4- 
dmiethylpentyl.3.3Hiimethylpentyl.3.4HUmethylpentyI,4.4-dimethylpentyl. 1-methyl-l-ethylbutyl 1- 
methyl-2-ethylbutyl, 2-methyl-2-ethylbutyl, l-ethyl-2.methylbutyl. l-ethyl-3-methylbutyl. 1.1- 
diethylpropyl. n-octyl. n-nonyl. and the like. 

The term "alkenyl" means carbon chains which contain at least one carbon-carbon double bond 
and which may be linear or branched or combmations thereof. Examples of alkenyl include vinyl ally/ 
isopropenyl. pentenyl. hexenyl. heptenyl. 1-propenyl. 2-butenyl. 2-methyl-2-butenyl. and the like.' 

The term "alkynyl" means carbon chains which contain at least one carbon-carbon triple bond 
and which may be Imear or branched or combinations thereof. Examples of alkynyl include ethynyl ' 
propargyl, 3-niethyl-l-pentynyl. 2-heptynyl and the like. 

The term "amino acid" or "amino acid residue" refers, for example, to the stereoisomeric forms 
i.e. the D or L forms, or a mixture of D and L fonns. of an amino acid or amino acid residue such as bm 
not hmited to: alanine, glycine, proline, cysteine, histidine. glutamme. aspa^ic acid, isoleucine. arginine, 
glutamic acid, lysine, serine, phenylalanine. leucine, threonine, tryptophan, methionine, valine, tyrosine 
asparagme. 2-ammoadipic acid, beta-alanine. 2-ammoheptanedioic acid. 2-ammobutyric acid 4- 
aminobutyric acid, 2.4-diaminobutyric acid. citrulKne. cycloserine, norvaline. norleucme. ornithine 
pemcillamine. phenylglycine. phenylisoserine. phenylstatine. pipecolic acid, piperidine carboxyUc acid 
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pyroglutamic acid, sarcosine. statine. aUo-tbieonine. t-leucine. 2-axnmoisobutyric acid, and 3- 

TTTTlT'' "^^^ °' ^ --P^-**^ ^^ctural fonnula 

I. na. nb. ma. mb. IVa. IVb. Va. Vb. Via and VIb is at the carboxyUc acid tenmnal of the anuno acid 

The term ''halogen" includes fluorine, chlorine, bromine and iodine. 

The term "C1-4 alkyliminoyl" means Ci-3C(=NH)- 

The term "aryl" includes mono- or bicycUc aromatic rings contahung only carbon atoms 
Exan^jles of aryl include phenyl and naphthyl. 

The term "heteroaryl" includes mono- and bicyclic aromatic rings containing fo,m 1 to 4 
het^oatox^ selected fiomnitrogen. oxygen and sulfur. Examples thereof include, but are not limited to 
pyndmyl furyl. fi^y,. thienyl. pyrrolyl, oxazolyl. thiazolyl. triazolyl. triazmyl. tetrazolyl. thiadiazoM 
mndazolyl isoxazolyl. isothiazolyl. oxadiazolyl. pyrazolyl. pyrimidinyl. pyrazinyl. pyridazmyl. quinolyl'. 
.oqumolyU benzumdazolyl. benzofi^l, benzothienyl. indolyl. benzthiazoly,. benzoxazolyl. Jthe li^ 
Jn one embodm^nt of the present invention, heteroaryl is .selected from the group consisting of 
pyndmyl, furyi. faranyl. thienyl. pyrrolyl. oxazolyl. thiazolyl. triazolyl. triazinyl. tetrazolyl, thiadiazolyl 
umdazoly pyrazolyl. isoxazolyl. isothiazolyl. oxathiazolyl. pyrimidinyl. pyrazinyl. pyridazinyl, quinotyl. 
isoqumolyl. benzmndazolyl. benzofuryl. benzothienyl. mdolyl. isoindolme. benzthiazolyl and 
benzoxazolyl. Bicyclic heteroaromatic rings include, but are not limited to. benzothiadia«>le. indole • 
benzothrophene, benzofuran. benzimidazole. benzisoxazole. benzothiazole. quinoline. quinazoline ' 
benzotnazole, benzoxazole, isoquinoline. purine, foropyridine. thienopyridine. benzisodiazole 
tnazolopyrimidine, and 5.6,7.8-tetrahydroquinoline. 

The term "cycloalkyl" includes mono- or bicycUc non-aromatic rings containing only carbon 
atom. Examples of cycloalkyl include, but are not limited to. cyclopropyl. cyclobutyl. cyclopentyl. 
cyclohexyl. and cycloheptyl. y^' 

T»»^*^'^"'^«*«^y'=loaU^l"isintendedtomcludenon-aroma^^ 
four heteroatoms selected fromnitrogen. oxygen and sulfur. Examples of heterocycloallcyl include, but 
are not hmited to. azetidine, piperidme. morphoUne. thiamorpholine. pyrrolidme. imidazoUdine 
tetrahydrofuran. piperazme. l.thia.4-aza.yclohexane. l-aza-4-thia-cyclohexane. and 1.3 oxazoiidine 

Certam of the above defined terms may occur more than once in the above formula and upon 
such occurrence each term shall be defined independently of the other, thus for example Nr4r4 
represent NH2. NHCH3. N(Cai3)CH2CH3. and the Uke. ^ 

The term "subject" means a mammal. One embodiment of die term "mammal" is a "hmnan » 
said human being either male or female. 

The term "mammal in need thereof refers to a mammal who is in need of treatment or 
prophylaxis as determined by a researcher, veterinarian, medical doctor or other clmician 

The term "composition," as in pharmaceutical composition, is intended to encompass a product 
compnsmg the active ingredient(s). and the inert ingredient(s) that make up the carrier, as well as any 
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product which results, directly or indirectly, from combination, complexation or aggregation of any two 
or more of the ingredients, or from dissociation of one or more of the ingredients, or from other types of 
reactions or interactions of one or more of the ingredients. Accordingly, the pharmaceutical 
compositions of the present invention encompass any composition made by admixing a compound of the 
present invention and a phannaceutically acceptable carrier. 

By a melanocortin receptor "agonist" is meant an endogenous or drug substance or compound 
that can interact witii a melanocortin receptor and initiate a pharmacological response characteristic of 
the melanocortin receptor. By a melanocortin receptor "antagonist" is meant a drug or a compound that 
opposes ttie melanocortin receptor-associated responses normally induced by anotiier bioactive agent. 
The "agonistic" properties of the compounds of the present invention were measured in the functional 
assay described below. The functional assay discriminates a melanocortin receptor agonist from a 
melanocortin receptor antagonist. 

By "bmding affinity" is meant the abiUty of a compound/drug to bind to its biological target, in 
tiie the present instance, die abiUty of a conq,ound of structural formula I to bind to a melanocortin 
receptor. Bindmg affinities for flie compounds of die present uxvention were measured in tt»e binding 
assay described below and are expressed as ICso's. 

"Efficacy" describes die relative intensity witi, which agonists vary in die response tiiey produce 
even when they occupy die same nun»ber of receptors and witii the same affinity. Efficacy is die property 
that enables drugs to produce responses. Properties of compounds/drugs can be categorized into two 
groups, those which cause tiiem to associate witii die receptors (binding affinity) and fliose diat produce a 
stmiulus (efficacy). The term "efficacy" is used to characterize die level of maximal responses induced 
by agonists. Not all agonists of a receptor are capable of inducing identical levels of maximal responses. 
Maximal response depends on the efficiency of receptor coupling, diat is. from die cascade of events, 
which, from die bmding of die drug to die receptor, leads to die desired biological effect 

The functional activities expressed as ECsQ's and the "agonist efficacy" for die compounds of 

die present invention at a particular concentration were measured in die ftmctional assay described 
below. 



30 



Optical Isomers - DiasteTBomers - (y ^ metric Isomft«8 - Tautomftrs 

Compounds of structural formula I contam one or more asymmetric centers and can tiius occur as 
racemates and racemic mixtiires. single enantiomers. diastereomeric mixtures and individual 
diastereomers. The present invention is meant to comprehend aU such isomeric forms of die compounds 



of structural formula L 



Some of die compounds described herein contain olefinic double bonds, and unless specified 
35 odierwise. are meant to include botii E and Z geometric isomers. 
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Some of the confounds described herein may exist as tautomeis such as keto-enol tautomers. 
The individual tautomers as weU as mixtures thereof are encompassed withm the conq>ounds of 
structural formula I. 

Compounds of structural formula I may be separated into their individual diastereoisomers by, 
for example, fractional crystallization from a suitable solvent, for example methanol or ethyl acetate or a 
mixture thereof, or via chiral chromatography using an optically active stationary phase. Absolute 
stereochemistry may be determined by X-ray crystallography of crystalline products or crystaUme 
intermediates which are derivatized. if necessary, with a reagent containing an asymmetric center of 
known absolute configin-ation. 

Alternatively, any stereoisomer of a compound of the general formulae I, Ha. lib, IHa. lUb, IVa. 
IVb, Va. Vb, Via. and VIb may be obtained by stereospecific synthesis using optically pure startmg 
materials or reagents of known absolute configuration. 

Salts 

The term "pharmaceuticaUy acceptable salts" refers to salts prepared from pharmaceuticaUy 
acceptable non-toxic bases or acids including inorganic or organic bases and inorganic or organic acids. 
Salts derived from inorganic bases mclude aluminum, ammonium, calcium, copper, feme, ferrous, 
lithimn. magnesium, manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, calcium, Uthium, magnesium, potassium, and sodium salts. Salts derived 
from pharmaceuticaUy acceptable organic non-toxic bases include salts of primary, secondary, and 
tertiary amines, substituted amines mcluding naturally occurring substituted ammes, cyclic amines, and 
basic ion exchange resins, such as arginine. betaine, caffeine, choline. N,N'-dibenzylethylenediamiiie, 
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine. N-ethyl- 
morphoUne. N-ethylpiperidme. glucamine, glucosamine, histidine, hydrabamine. isopropylamine, lysine, 
methylglucamine. morpholine. piperazine, piperidine, polyamine resins, procaine, pmines, theobromine, 
triethylamine, trimethylamme, tripropylamine, tromethamine, and the like. 

When the compound of the present mvention is basic, salts may be prepared from 
pharmaceuticaUy acceptable non-toxic acids, including inorganic and organic acids. Such acids include 
acetic, benzenesulfonic. benzoic, camphorsulfonic. citric, ethanesulfonic, formic, fumaric, gluconic, 
glutamic, hydrobromic. hydrochloric, isethionic, lactic, maleic. maUc, mandelic. methanesulfonic, ' 
malonic, mucic. nitric, pamoic, pantothenic, phosphoric, propionic, succinic, sulfuric, tartaric, p- 
toluenesulfonic acid, trifluoroacetic acid, and the Uke. Particularly preferred are citric, fumaric, 
hydrobromic, hydrochloric, maleic, phosphoric, sulfiiric, and tartaric acids. 

It wiU be understood that, as used herein, references to the compounds of Formula I are meant to 
also include the pharmaceuticaUy acceptable salts, such as the hydrochloride salts. 
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Compouads of fonnula I are mdanoconta „^ and .ucb aK, useful to the 

^u^„,cou,,„.orp,eveu«OBCf diseases, dis«*.„cc„di^ 

mo. „ *e ^tooco^n .ecep.^ iucludtog. bu. are „« WW ,0, Mai. MC-2. M 

5. Su^b diseases. d,so„,ers or condldons include, bu. are uo, Un^Bd ». obesi.,. diabeBs ■r^Uib.a 

hj^s,o„. hyperlipidemia. osBoartiuitis, cancer, gall bladder disease, sleq, apnea, depresdon 

TT7 in«nuuemod„la,io„. rheumatoid arthritis, skin tatu^ acne and other 

^-^order, oeurop^edve and cogniUve aad ^ euhaucen»„t deluding the tL^r^f 
Ahhenner s d«eas.. conipoMtda encon^ssed by formula , shov, highly selective afHni^ for the 
melanocortm^ (M04R) relative to MC-IR. MC-2R. MC-3R. and MC-5R. which malL tem 

esp^.aU,„scftatathep.even.ioo«.dt.ea.o^ofobesi.y.as„e« as .uale and/or females^ 
dysfunction, mcluding CTectUe dysfunction. 

may be due to any cause, whether genetic or environmental. besityherem 
The obeai|y-rel.ted disorde,, herein «e aasodated with, cauaed by. or result fiomobesity 

1™ ° «^ O-ltai.. hyp^tenaion. diabetes. elev«ed 

p^ma msuhn concen.ra.ious and insulin resistance dysHpidemiaa. hyperUpidcmia. endometrial breast. 
P«s.ate and colon cancer. „s.eoarthritis. obstrucUve sleep apn«^ cholelitUaaia. gallatonea. b«« dis«>s^ 

1^1 T TT ^ Lure, co^t^ tr 

d^sudden death, sttolce. polycystic ovary disease. crani„pba,yngion>. the Prader-WilU Zuome. 
ROU^ a syndrome. OH^flcient subjects, normal variant short stature. Tumer's syndrome. Z other 
l^thologKalcondtttons Showing reduced metabouc activity oradec.^ in resting energy e^nditJ 

^^la,^ d^ are metaboHc syndrome, also Wn as syndrome X, htsnlin resistance 
^^r^uctiv. hc^one abnonnaUties. sexuM and reproductive dysfunction, such as imp^ 
fcrtihty. nrferUrty. hypogonadism in males and hirauttsm in females, fetal defects associated wiU, 

obestt, gaatrointeaflnal motility disorders, such as obesity-related gast„«sophageal teflux 
.espnato,yd.a™de.a.suchaaobeaity*ypoventilationa,„drome(^ 
cardtovascular d^ordcrs. tofl.mm«i<m. such as systemic mflammation of tite vLhmre 
venosclerosis, hypercholesterolemia, hyperuricemia, lower back pain, gallbladder diae^. go„, 

follTTr rr"'""'^'* ^—-onsofthepreseotinventionareaLu^efu. 
vu^rr tb ""'^ -'-'^'^rt^oflef, ventrichu 

hypettrophy.TbecomposiUons of ti^presentmveotionamalso useful totreaAlzheimer-sdiseas. 
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The tenn "metaboUc syndrome", also known as syndrome X. is defined in the Thiid Report of 
the National Cholesterol Education Program Expert Panel on Detection. Evaluation and Treatment of 
High Blood Cholesterol in Adults (ATP-IH). RS. Ford et al.. JAMA. vol. 287 (3). Jan. 16. 2002 pp 356- 
359. Bnefly. a person is defmed as having metaboUc syndrome if the person has three or more of the 
foUowing symptoms: abdominal obesity, hypertriglyceridemia, low HDL cholesterol, high blood 
pressure, and high fasting plasma glucose. The criteria for these are defmed in ATP-IH. 

The term "diabetes." as used herein, includes both insulin-dependent diabetes meUitus (i e 
IDDM. also known as type I diabetes) and non-insulin-dependent diabetes mellitus (i.e.. NIDDM Lo 
known as Type H diabetes). Type I diabetes, or insulin-dependent diabetes, is the result of an absolute 
deficiency of insulin, the hormone which regulates glucose utUization. Type H diabetes, or insulin- 
mdependent diabetes (i.e.. non-insulin-dependent diabetes mellitus). often occurs in the face of normal 
or even elevated levels of insulin and appears to be the result of the inabiUty of tissues to respond 
appropriately to msulin. Most of the Type H diabetics are also obese. IHe compositions of the present 
mvention are useful for treating both Type I and Type H diabetes. The compositions are especially 
effective for treatmg Type H diabetes. The compounds or combinations of the present invention are also 
useful for treating and/or preventing gestational diabetes meUitus. 

Treatment of diabetes meUitus refers to the admmistration of a compound or combination of the 
present invention to treat diabetes. One outcome of treatment may be decreasing the glucose level in a 
subject with elevated glucose levels. Another outcome of treatment may be improving glycemic control 
Another outcome of treatment may be decreasing insuUn levels in a subject with elevated insulin levels 
Another outcome of treatment may be decreasing plasma triglycerides in a subject with elevated plasma 
tnglycendes. Another outcome of treatment may be lowering LDL cholesterol in a subject with high 
UDL cholesterol levels. Another outcome of treatment may be increasing HDL cholesterol in a subject 
with low HDL cholesterol levels. Another outcome may be decreasing the LDUHDL ratio in a subject in 
need thereof. Another outcome of treatment may be increasing insulin sensivity. Another outcome of 
treatment may be enhancing glucose tolerance in a subject with glucose intolerance. Another outcome of 
treatment may be decreasing insulin resistance in a subject with increased insulin resistance or elevated 
levels of insulin. Another outcome may be decreading triglycerides in a subject with elevated 
tnglycendes. Yet another outcome may be improving LDL cholestrol. non-HDL cholesterol, 
triglyceride, HDL cholesterol or other lipid analyte profiles. 

Prevention of diabetes meUitus refers to the administration of a compound or combination of the 
present mvention to prevent the onset of diabetes in a mammal at risk thereof. 

"Obesity" is a condition in which there is an excess of body fat. The operational definition of 
obesity is based on the Body Mass Index (BMI). which is calculated as body weight per height in meters 
squared (kg/m2). "Obesity" refers to a condition whereby an otherwise healthy subject has a Body Mass 
Index (BMI) greater than or equal to 30 kg/m2. or a condition whereby a subject with at least one co- 
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morb,d..y tas a BMI g,«aKr ttum or equal u, 27 kg/rf. A. "ob«« subjecr is .a oterwise hclftv 

sub„.BodyM«sInte(BMDg^U«.ar«,„..,o301^2„,a3»bi«.wia,a.lea/™e 
o<.morb,d^ W.U, a BMI greattr a»n or equal u> 27 kg/„^ . A "subject « risk of obesl.," 1, .„ o«,erwise 
heaatt.y ^.ec. „.a, a BNfl 0, 25 kg^ „ ,«s «™ 30 kgta2 or a subjeo^ 

withaBMIof25kE/iii2tolessthan27kg/m2. omoroiaiiy 

™'"='=^=^-lcsassocia,edwitt,ob«i,yocc„r.,alowerBodyM«»bdex(BMI)taAsi«« 
L. As.au ™. u,c,udi„g Japan, "obesity" .,e. .o a condiUon wbe.^ a subjec, wlu, leas, one ' 
obe^ty-mduced or obes„y-raIa.ed eo-morbidl„. that weigh, or tha, would be 

^pr^ by weigh, reduction, has a BMI greater than or equal to 23 l=g/n,2. i, Asian coattries 
mcl^ Japan, an "obese subject" refers to a subjec, with a, leas, one obesity-induced or obesi'ty- 

""Tt °' " '^'o^-' -taction. wiA 

.BW greater .tan or equal ^ 25 Mrf. to Asia-Paciiic, a "snbj 

BMI of greater ttan 23 kg/ni! to less than 25 kg/m2. ojectwima 
As used l,«ein, a» term "obesity" is n«„„ u> encompass all of to above definitions of obesity 
Ob«a.,-mduced or obesiflr^ated co-morbidities include, bu, are no. limited to. diabetes, non- 
msutadq^. diabetes memt„s..yp.nO).in;^g,^^,„,^. 
msulm «s.suuu=e syndrome. dyslipid«Ma, l.»er«nsion. hypennicacidemia. gou, coronary ane„ 
d^e. myocardial inftrcdon. angin. p«*^ sleep apnea syndrome. Rokwicki^, syndrome. Zy Over- 
cerebral mfarctiou. cerebral thrombosis, transiea iscl«mic amck, orU, 
defotmans, lumbodynia, emmeniopafty, and intofllity. 1, particular, co-morbidities include- 
bypmension^^hyperlipidemia, dysUpidemia, glucose in.,^ cartiovascular disease, sleep apnea 
diabetes melhtus, and other obesity-ielated conditions. 

or comJlT'""',?'""'' """"^-"■"^ ^'-^ "o a»> "dministr^ion of the compounds 

or combmattons Of the present invention to reduce or maintain the body weight of an obese subjl One 
oute«n. of tream^nt ma, be reductog the body weight of an obese subject relattve „ tha. subjecfs body 

w«gh.mnnedi«elybefored.eadminis.radon of .hecompounds or combinations oftheprjT^ 
mv«,«on. AnoOier outcome of tream«nt may he preventing body weigh, .egam of body weigh. 

P^vously los.as..e,ul. of die., exerci«.„pharmacothe,apy. Another outcome oftreatment may be 
dec^umg to occunence of and/or to severi.y o, obesi.y-rela«d diseases. The treatment may suitably 

msu^,ma.educ«™infoodorcalorieh«akebytosubject.includingareducd^ 

a rednctuu. of muke of specific c«nponen« of to die, such as carbohydrates or fats; »,d/or to 

mhtb^on of nutt«,.abson.tion; and/or to tahibidon of toreducdon of meubolic rate; and m weigh, 

.«.,.,mnmsu,^,sinneed«»reof. The ..e.m«,.ma,also,esul,in«. alteration of me.^^^^ 
such as a. mctease in maabolic rate. r«her d«n or m addlti«, «, an inhibition of to teduction of 
metebohc rate; and/or to mtoimizatiou of to metebolic resistance to. normaUy resulti, fi«n weigh, loss 



33 



wo 2005/009950 

PCT/US2004/022911 



10 



15 



20 



25 



30 



35 



Prevention of obesity and obesity-related disorders refers to the administration of the compounds 
or combinations of the present mvention to reduce or maintain the body weight of a subject at risk of 
obesity. One outcome of prevention may be reducmg the body weight of a subject at risk of obesity 
relative to that subject's body weight immediately before the administration of the compounds or 
combinations of the present invention. Another outcome of prevention may be preventing body weight 
regain of body weight previously lost as a result of diet, exercise, or pharmacotherapy. Another outcome 
of prevention may be preventing obesity from occurring if the treatment is administered prior to the onset 
of obesity in a subject at risk of obesity. Another outcome of prevention may be decreasing the 
occurrence and/or severity of obesity-related disorders if the treatment is administered prior to the onset 
of obesity in a subject at risk of obesity. Moreover, if treatment is commenced m already obese subjects 
such treatment may prevent the occurrence, progression or severity of obesity-related disorders, such as 
but not hmited to. arteriosclerosis. Type n diabetes, polycystic ovary disease, cardiovascular diseases 
osteoarthritis, deimatological disorders, hypertension, insulin resistance, hypercholesterolemia, 
hypertriglyceridemia, and cholelithiasis. 

"Male sexual dys&nction" includes m5)otence, loss of libido, and erectUe dysfunction. 

"Erectile dysfunction" is a disorder involvmg the faUuie of a nale mammal to achieve erection 
ejaculation, or both. Symptoms of erectile dysfunction include an inability to achieve or mamtain an 
erection, ejaculatory failure, premature ejaculation, or inabiUty to achieve an orgasm. An increase in 
erectile dysfunction and sexual dysfunction can have numerous underlying causes, includmg but not 
Umited to (1) aging, (b) an underlying physical dysfunction, such as trauma, surgery, and peripheral 
vascular disease, and (3) side-effects resulting from drug treatment, depression, and other CNS disorders. 

Treatment of male sexual dysfunction refers to the administration of a compound or combmation 
of the present mvention to treat impotence and/or loss of libido, and/or erectile dysfunction in a male 
mammal in need thereof. One outcome of treatment may be a decrease in impotence. Another outcome 
of treatment may be an mcrease m libido. Yet another outcome of treatment may be a decrese in the 
magnitude or frequency of erectile dysfunction. 

Treatment of male sexual dysfunction refers to the administration of a compound or combination 
of the present invention to treat one or more of the symptoms of male sexual dysfunction in a male 
mammal in need thereof. One outcome of treatment may be increasing the abiUty to achieve an erection 
Another outcome of treatinent may be increasing the ability to mamtain an erection. Anotiier outcome of 
treatment may be reducing ejaculatory faUme. Another outcome of treatment may be decreasing 
premature ejaculation. Yet another outcome of treatinent may be increasmg the abiKty to achieve an 
orgasm. 

Prevention of male sexual dysfunction and male erectile dysfunction refers to the administration 
of tiie compounds or combinations of tiie present invention to prevent die synq,toms of sexual 
dysfunction and erectile dysfunction in a male mammal at risk tiiereof. 
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''P«°^^^«^'^dy««^ctic«"canbeseenasxesultingfromn«dtiplecom^^^ 
dysfunction in desire, sexual arousal, sexual receptivity, and orgasm related to disturbances in the 
cluons. vagina, periurethral glans. and other trigger points of sexual function. In particular, anatomic 
and functional modification of such trigger points may diminish the orgasmic potential in breast cancer 
and gynecologic cancer patients. Treatinent of female sexual dysfunction witii an MC-4 receptor agonist 
can result m improved blood flow, improved lubrication, improved sensation. facUitation of Ichifg 
orgasm, reduction in ti.e refractory period between orgasms, and improvements in arousal and desire In 

abroadersense."femalesex«ddysfunction»alsoincorporatessexualpain.prematurel^^^^ " 
dysmenorrhea. * 

The terms "administration of 'and or "administering" a compound should be understood to mean 

meth H of *e present invention in order to practice ti.e present 

me^ods Of then^py ,s carried out by administering a therapeuticaUy or prophylactially effective amount 
of the compound to a subject in need of such treatment or prophylaxis. The need for a prophylactic 
a^stration according to the methods ofthe present invention is determined 

The term "tiierapeutically effective amount" as used herem means the amount of the active 

compound thatwiUeUcittixe biological or medical „.sponseinatissue. system, subject, mammal 
hum^ ti,at rs bemg sought by the researcher, veterinarian, medical doctor or other clmician. which 

includes alleviation of ti.e symptoms of ti.e disorder being treated Theno 
flus mvention are for disorders known to fliose skilled in the art. 

The term "prophylactically effective amount" as used herem means the amount of the active 

compound that Win elicit ti.e biological or medical .sponse in 
hmnanthat.bemgsou^^ 

the onset of the disorder in subjects as risk for obesity or tiie disorder 
«detern.ned.mthefinal analysis, by the physician in ch.^^ 

subject suffers, the Chosen route of administration, other drugs and treatinents which tixe subject 
concomitantly require, and other factors in the physician's judgement. 

Administr ation and nose Ranp pe 

Any suitable route of admmistration may be employed for providmg a mammal. especiaUy a 

^with an effective amount, or dosage, ofacompound of tiie present invention. For ex^^^^^ 
rectal, topical, parenteral, ocular, puhnonary. nasal, and the like may be employed. Dosage forms 
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include tablets, troches, dispersions, suspensions, solutions, capsules, creams, ointments, aerosols, and 
the like. Preferably compounds of Formula I are administered orally or topicaUy. 

When treating obesity, in conjunction with diabetes and/or hyperglycemia, or alone, generally 
satisfactory results are obtained when the compounds of the present invention are administered at a daily 
dosage of from about 0.001 milligram to about 100 miUigrams per kilogram of body weight, preferably 
gxven m a single dose or in divided doses two to six times a day. or in sustained release form. In the case 
of a 70 kg adult human, the total daily dose will generally be from about 0.07 miUigrams" to about 3500 

nulhgrams. This dosage regimen may be adjusted to provide the optimal therapeutic response. It may be 
necessary to use dosages outside these limits in some cases. 

When treating diabetes meUitus and/or hyperglycemia, as well as other diseases or disorders for 
which compounds of formula I are useful. geneiaUy satisfactory results are obtained when the 
compounds of the present invention are administered at a daUy dosage of from about 0.001 milligram to 
about 100 milligram per kilogram of body weight, preferably given in a single dose or in divided doses 
two to SIX times a day. or in sustained release form. In the case of a 70 kg adult human, the total daily 
dose wm generally be from about 0.07 miUigrams to about 350 miUigrams. This dosage regimen may be 
adjusted to provide the optimal therapeutic response. It may be necessary to use dosages outside these 
liiQits in some cases. 

When treating an obesity^lated disorder. generaUy satisfactory results are obtained when the 
compounds of the present invention axe administered at a daUy dosage of from about 0.001 miUigram to 
about 100 miUigrams per kUogram of animal body weight, preferably given in a single dose or in divided 
doses two to six times a day, or in sustained release form. In the case of a 70 kg adult human, tiie total 
daily dose wiU generaUy be from about 0.07 mUUgrams to about 3500 mUUgrams. This dosage regimen 
may be adjusted to provide the optunal therapeutic response. 

For the treatinent of sexual dysfimction compounds of the present invention are given in a dose 
nmge of 0.001 mUUgram to about 100 mUUgramper kilogram of body weight, preferably as a single dose 
orally or as a nasal spray. 

M flie case where an oral composition is en,,loyed, a suitable dosage range is. e.g. from about 
0.01 mg to about 1500mgof a compound of Formula I per day. preferably from about 0.1 mg to about 10 
mg per day. For oral administration, the compositions are preferably provided in the form of tablets 
containing from 0.01 to 1.000 mg. preferably 0.01. 0.05. 0.1. 0.5. 1. 2.5. 5. 10. 15. 20. 25. 30. 40. 50 100 

m 500. 750. 1000. 1250 or 1500 mUUgrams of the active ingredient for the symptomatic adjustinem 
the dosage to the subject to be treated. 

For use where a composition for intravenous administration is employed, a suitable dosage range 
IS from about 0.001 mg to about 100 mg. preferably from 0.01 mg to about 50 mg. more preferably 0 1 
mg to 10 mg. of a compound of Formula I per kg of body weight per day. This dosage regimen may be 
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adjusted to provide the optimal therapeutic response. It may be necessary to use dosages outside these 
lumts in some cases. 

For the treatment of diseases of the eye. ophthahnic preparations for ocular administraUon 
comprising 0.001-1% by weight solutions or suspensions of the compounds of Formula I in an acceptable 
ophthalmic formulation may be used. 

The magnitude of prophylactic or therapeutic dosage of the compounds of the present mvention 
wdl. of course, vary dependmg on the particular compound employed, the mode of administration the 
condxtion being treated and the severity of the condition being treated. It will also vary according to the 
age, weight and response of the individual subject. Such dosage may be ascertained readUy by a person 
skilled in the art. 



Combination Therapy 

Confounds of structural formula I may be used m combination with other drugs that are used in 
the treatment/prevention/suppression or amelioration of the diseases or conditions for which compounds 
of structural formula I are useful. Such other drugs may be administered, by a route and in an amount 
commonly used therefor, contemporaneously or sequentially with a compound of structural fonnula I 
When a compound of structural formula I is used contemporaneously with one or more other drugs a 
pharmaceutical composition containing such other drugs in addition to the compound of structural ' 
formula I is preferred. When a conq>osition of the present invention is used contemporaneously with one 

more other drugs, a pharmaceutical composition in unit dosage form containing such other drugs and 
the composition of the present invention is preferred. However, the combination therapy also includes 
therapies in which the composition of the present mvention and one or more other drugs are administered 
on different overlapping schedules. It is also contemplated that when used in combmation with one or 
more other active ingredients, the composition of the present invention and the other active ingredients 
may be used in lower doses than when each is used singly. Accordingly, the pharmaceutical 
compositions of the present invention include those that also contain one or more other active 
mgredients. in addition to a compound of structural formula I. 

Examples of other active ingredients that may be combined with a compound of structural 
formula I for the treatment or prevention of obesity and/or diabetes, either administered separately or in 
the same pharmaceutical compositions, include, but are not limited to: 

(a) msulin sensitizers including (i) PPARy agonists such as the gUtazones (e.g. ciglitazone- 
darghtazone; trogUtazone. piogUtazone. engUtazone. isaglitazone (MCC-555), BRL49653, rosiglitlzone- 
CLX-0921; S-Bl^). GW-0207. LG-100641. and LY-300512. and the like), and compounds disclosed m 
WO97/10813. W097/27857. 97/28115. 97/28137 and 97/27847; 
ii) biguanides such as metformin (Glucophage®). buformin. and phenformin; 
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^^^^^"^--^'-inn^etics. such as biota. IP.100.novarapid.m^^ 
msuhn glargine. insuUn zinc suspension Oente and ultralente); Lys-Pro insulin. GLP-1 (73-7) 
(msulintropin); and GLP-1 (7-36)-NH2); ^^'^ O 

(0 sulfonylureas, such as tolbutamide and glipizide, acetohexamide; chlorpropanude; diabinese; 
ghbenclam.de; glyburide; glimepiride; gliclazide; gUpentide; gliquidone; gUsolannde; and tolazanude- 

(d) a-glucosidase inhibitors (such as acarbose. adiposine; canugUbose; exnigUtate; miglitol; 
voghbose; pradimicin-Q; salbostatin; CKD-711; MDL-25,637; MDL-73.945; and MOR 14. and the like)- 

(e) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors (lovastatin 
simvastatin, pravastatin, fluvastatin. atorvastatin. itavastatiu, rivastatin, rosuvastatin. ZD^522. and other 
stat^). (n sequestrants (cholestyramine, colestipol and a diallcylaminoalkyl derivatives of a cross-liuked 
dextra^. co^sevelum, Colestid®; LoCholest®. and the like, (ii) nicotinyl alcohol nicotinic acid or a salt 
the^of. (xu) prohferator-activater receptor a agonists such as fenofibric acid derivatives (gemfibrozU 
clofihrate, fenofibrate and benzafibrate). (iv) inhibitors of cholesterol absorption for example beta- ' 
sitosterol, stanol esters, sterol glycosides such as tiqueside; and azetidinones such as ezetimibe 
efucmube. KY 505. SMP797. and the like, and (acyl CoA:cholesterol acyltransferase) inhibitor for 
example melmamide. and avasimibe. (v) anti-oxidants such as probucol. (vi) vitamin E. and (vii) 
thyromimetics; 

.on-T.. ^"'"^^ " W097/28149. and such as GW 501516. and GW 

oyU735, and the hke; 

(g) anti-obesity serotonergic agents, such as fenfluramine, dexfenfluramine, phentennine. and 

sibutraimne; 

(h) p3-adrenoreceptor agonists, such as AD9677/TAK677 (DaimpponA"akeda). CL-316 243 SB 
418790, BRL-37344. L.796568, BMS-196085, BRL-35135A, CGPI2177Z GW 427353^^' 
Treca^e, 2^-- ^7114. SR 59n9A, and such as those disclosed in U.S. Patent AppU^ation Nos'. 
5.705.515. and US 5.451.677 and PCT Patent PubHcations W094/18161. W095/29159 W097/46556 
WO98/04526 and W098/32753. WO 01/74782. and WO 02/32897; W097/46556. 

(i) pancreatic Kpase inhibitors, such as orUstat (Xenical®). Vriton WR1339, RHC80267 
hpstatm tetrahydroUpstatm, teasaponin. diethyl-umbelliferyl phosphate, FL-386, WAY-121898.'Bay-N- 
3176. vahlactone. esteracin. ebelactone A. ebelactone B. and RHC 80267.and those disclosed m PCT 

^ST™r ''''''''' ^ 5.391.571, 
5,602.151. 4.405,644, 4.189.438, and 4.242,453; 

0) feedmg behavior modifying agents, such as neuropeptide Y Yl and Y5 antagonists, such as 
those disclosed in WO 97/19682. WO 97/20820. WO 97/20821. WO 97/20822 . WO 97/20823 WO 
01/14376. and US. Patent No. 6.191.160; neuropeptide Yl antagonists, such as BIBP3226 J-n5814 
BmO3304.LY-357897.CP-671906.GI-264879A.andthosedisclosedinU.S.PatenT^^^^^ 
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PCX Patent Publication Nos. WO 96/14307, WO 01/23387. WO 99/51600, WO 01/85690 WO 
01/85098. WO 01/85173, and WO 01/89528; 

and neuropeptide Y5 antagonists, such as 152.804. GW-569180A. GW-594884A. GW-587081X GW- 
548118X. FR235.208. FR226928, FR 240662, FR252384, 1229U91, GI-264879A, CGP71683a'lY- 
377897, LY-366377. PD-160170. SR-120562A, SR-120819A, JCF-104, and H409/22; and those' 
disclosed in U.S. Patent Nos. 6,140.354, 6,191.160. 6.258,837. 6.313.298. 6.337.332, 6.329.395. 
6,326,375. 6,335.345, and 6.340,683. European Patent Nos. EP-01010691. and EP-01044970 and PCT 
Patent PubUcation Nos.WO 97/19682. WO 97/20820, WO 97/20821. WO 97/20822. WO 97/20823 WO 
98/27063, WO 00/107409. WO 00/185714. WO 00/185730. WO 00/64880. WO 00/68197 WO 
00/69849. WO 01/09120. WO 01/14376. WO 01/85714. WO 01/85730. WO 01/07409. WO 01/02379 
WO 01/02379. WO 01/23388. WO 01Ai3389. WO 01/44201, WO 01/62737. WO 01/62738 WO ' 
01/09120. WO 02/20488. WO 02/22592, WO 02/48152. WO 02/49648 and WO 02/094789*; and Norman 
et al., J. Med. CShem. 43:4288-4312 (2000); 

(k) orexin-1 receptor antagonists, such as SB-334867-A. and those disclosed in PCT Patent 
AppUcation Nos. WO 01/96302. WO 01/68609. WO 02/51232. WO 02/51.838, and WO 03/023561; 

(1) PPARa agonists such as described in WO 97/36579, and PPARa agonists such as 
beclofibrate, benzafibrate, ciprofibrate. clofibiate. etofibrate. fenofibrate. gemcabene. gemfibrozU GW 
7647. BM 170744. and LY518674; and other fibric acid derivatives, such as Attx>inid®. Lopid® and 
Tricor®. and the like; 

2® (m) PPARy antagonists as described in WO97/10813; 

(n) serotonin reuptake inhibitors such as fluoxetme, paroxetine, and sertraline; 
(o) growth honnone secretagogues. such as MK-0677. and growth hormone sicretagogue 
receptor agonists/antagonists, such as NN703. hexarelin. SM-130686. CP-424,391, L-692.429 and L- 
163.255. and such as those disclosed in U.S. Patent Nos. 5,536.716. and 6.358,95l', U.S Patent 
Application Nos. 2002/049196 and 2002/022637, and PCT Application Nos. WO 01/56592 and WO 
02/32888; 

(p) cannabinoid receptor ligands. such as cannabinoid CB i receptor antagonists or inverse 
agonists, such as rimonabant (Sanofi-Synthelabo). and SR.147778 and SR 141716A (Sanofi Synthelabo) 
SLV-319 (Solvay). BAY 65-2520 (Bayer), and those disclosed in U.S. Patent Nos. 5,532.237. 4 973 587 
5.013.837, 5.081.122. 5.112.820. 5.292.736. 5.624.941. 6.028.084. PCT Application Nos. WO 96/33*159 ' 

WO 98/33765. W098/43636.W098/43635. WO 01/09120. W098/31227,W098/41519 WO98/37061 ' 
WOOO/10967, WOOO/10968. WO97/29079. WO99/02499. WO 01/58869. WO 0^64632^ WO 01/64633 
WO 01/64634. W002/076949, WO 03/0060007. and WO 03/007887; and EPO AppUcation No EP- 
658546. EP-656354. EP-576357; 

(q) protein tyrosine phosphatase-lB (PTP-IB) inhibitors; and 
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(r) anti^besity agents, such as (1) melanin-concentrating hormone (MCH) receptor antagonists 
such as those disclosed m WO 01/21577 and WO 01/21169; (2) melanin-concentrating hormone 1 ' 
receptor (MCHIR) antagonists, such as T-226296 (Takeda). SNP-7941. and those disclosed m PCT 
Patent Application Nos. WO 01/82925. WO 01/87834. WO 02/051809. WO 02/06245. WO 02/04433 
WO 02/076929. WO 02/076947. WO 02/51809. WO 02/083134. WO 02/094799. and WO 03/004027 
and Japanese Patent AppUcation No. JP 13226269; (3) melanin-concentrating hormone 2 receptor ' 
(MCH2R) agonist/antagonists; (4) serotonin reuptake inhibitors such as fluoxetine, paroxetine, and 
sertra^e. and those disclosed in U.S. Patent Application No. 6.365.633, and PCT Patent Application 
Nos. WO 01/27060 and WO 01/162341; (5) melanocortin agonists, such as Melanotan H or those 

CHIR86036 (Chiron). ME-10142. and ME-10145 (Melacure). and those disclosed in PCT Application 
Nos. WO 01/991752. WO 01/74844. WO 02/12166. WO 02/11715. and WO 02/12178; (7) 5Hr-2 

agomsts; (8) 5Hr2C (serotonin receptor 2Q agonists, such as BVT933.DPCA37215 WAY161503 R 
1065.DC^. and PNU22394.and those disclosedm 

Nos. WO02/36596.WO02/48124. WO 02/10169. WO01/66548.WO02/44l52.WO02/5lL WO 
02/40456. and WO 02/40457; (9) galanin antagonists; (10) CCK agonists; (1 1) CCK-A (cholecys'tokinin 
-A) agomsts, such as AR-R 15849. GI 181771. JMV.180. A-71378. A-71623 and SR146131. and those 
drscnbed m U.S. Patent No. 5.739.106; (12) GLP-1 (glucagon like peptide 1 agonists; (13) corticotropin- 
releasxng hormone agonists; (14) histamme ,eceptor-3 (H3) modulators; (15) histamine receptor-3 (H3) 
antagonists/inverse agonists, such as loperamide. 3-(lH-imidazol-4-yl)propyl N-(4-pentenyl)carbamate 
clobenpropit, iodophenpropit, imoproxifan. GT2394 (Gliatech). A 331440. and those described and 
dxsclosed in PCT Application No. WO 02/15905. and 0-[3-(lH-hnidazol-4-yl)propanol].carbamates 
(Kiec-Kononowicz. K. et al., Phannazie, 55:349-55 (2000)). piperidine-containmg histamme H3-receptor 
antagomsts (Lazewska. D. et al.. Pharmazie, 56:927-32 (2001). benzophenone derivatives and related 
compounds (Sasse. A. et al.. Arch. Phann.(Weinheim) 334:45-52 (2001)), substituted N- 
phenylcarb^tes (Reidemeister. S. et al.. Pharmazie, 55:83-6 (2000)). and proxifan derivatives (Sasse. 
A^et al J. Med. Chem.. 43:3335-43 (2000)); (16) ll(3-hydroxy steroid dehydrogenase- 1 inhibitors (lip. 
HSD-1), such as BVT 3498. BVT 2733. and those compounds disclosed in WO 01/90091 WO 
01/90090. WO 01/90092; (17) PDE (phosphodiesterase) inhibitors, such as theophyUine. 'pentoxifylline 

""^^"^ (1«> Phosphodiesterase- 

3B (PDE3B) mhrbitors; (19) NE (norepinephrine) transport inhibitors, such as GW 320659. despiramine 
talsupram. and nomifensine; (20) ghrelin receptor antagonists, such as those disclosed m PCT 
Application Nos. WO 01/87335. and WO 02/08250; (21) leptin. including recombmant human leptin 
(PEG-OB. Hoffman La Roche) and recombinant methionyl hmnan leptin (Amgen); (22) leptin 
derivatives, such as those disclosed m U.S. Patent Nos. 5.552.524. 5.552.523. 5.552.522. 5,521.283. and 
PCT International PubUcation Nos. WO 96/23513. WO 96/23514. WO 96/23515. WO 96/23516 WO 
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96/23517. WO 96/23518. WO 96^519. and WO 96/23520; (23) BRS3 (bombesin receptor subtype 3) 
agomsts; (24) CNTF (CUiary neuxotropbic factors), such as 01-181771 (Glaxo-SmithKline). SRwVlSl 
(Sanofi Synthelabo). butabindide. PD170,292. and PD 149164 (Pfizer); (25) CNTP derivatives, such as 
axokine (Regeneron). and those disclosed in PCT AppUcation Nos. WO 94/09134, WO 98/22128 and 
WO 99/43813; (26) monoamine reuptake inhibitors, such as sibutramine (Meridia ®/Reducta ®) 'and 
fliose disclosed inU.S. Patent Nos. 4.746.680, 4.806.570, and 5.436.272. and U.S. Patent Publication No 
2002/0006964. WO 01/27068, and WO 01/62341; (27) UCP-1 (uncoupling protein-l). 2. or 3 Lt^' 

acid (TTNPB). reUnoic acxd. and those disclosed in PCT Patent Application No. WO 99/00123- (28) 
Ayroid honnone p agonists, such as KB-261 1 (KaroBioBMS), and those disclosed in PCT AppUcation 

IT "^T"' '^^^ 2000256190; (29) FAS (fatty acid synthase) 

m^buors such as Ce^enin and C75; (30) DGATl (diacylglycerol acyltransferase 1) inhibitors; (31) 
DGAI7 (diacylglycerol acyltransferase 2) inhibitors; (32) ACC2 (acetyl-CoA carboxylase-2) inhibitors- 
^3) glucocorticoid antagonists; (34) acyl-estrogens. such as oleoyl-estrone. disclosed in del Mar-Gxasa.' 
M. et al.. Obesity Research. 9:202-9 (2001); (35) dipeptidyl peptidase IV (DP-IV) inhibitors, such as 
isolei^me Uiiazolidide; NVP-DPP728; P32/98; LAP 237. TSL 225. valine pyrroHdide. TMC-2A/2B/2C. 
CD-26 mhibitors. FE 99901 1. P9310/K364. V3P 0177. DPP4. SDZ 274^44; and the compounds 
disclosed in WO 03/004498; WO 03/004496; EP 1 258 476; WO 02/083128; WO 02/062764- WO 

03/000181; (36) fatty acxd transporter inhibitors; (37) dicarboxylate transporter inhibitors; (38) glucose 
^ansporter inhibitors; (39) phosphate transporter inhibitors; (40) Topiramate (Topimax®)- (41) 5HT 
(serotomn) transporter inhibitors, such as paroxetine, fluoxetine, fluvoxanrine. sertraline, and 
mnpramme; (42) opioid antagonists, such as nalmefene (Revex ®). 3-methoxynalttexone. naloxone, and 
naltrexone; and those disclosed in WO 00/21509; (43) Mc3r (melanocortm 3 receptor) agonists- (44) 

Sf^Tr' '''' '"'"^ '''' ^^^'-^> - -d 

C75; (46) SCD-1 (stearoyl-CoA desaturase-1) inhibitors; and the like; (47) aminoi^x; (48) amphechloral; 

(49) amphetamme; (50) benzphetamine; (51) chlorphentermine; (52) clobenzorex; (53) cloforex; (54) 
clommorex; (55) clortermme; (56) cyclexedrine; (57) dextroamphetamme; (58) diethylpropion; (59) 
diphemethoxidme. (60) N^thylamphetamine; (61) fenbutrazate; (62) fenisorex; (63) fenproporex; (64) 
fludorex; (65) flummorex; (66) furfuryhnethylamphetamine; (67) levamfetamine- (68) 
levophacetoperane; (69) mazmdol; (70) mefenorex; (71) metamfepramone; (72) methamphetamine- 
norpseudoephedrine; (73) pentorex; (74) phendimetrazine; (75) phemnetrazine; (76) 
phenylpropanolamine; (77) picUorex; and (78) zonisamide; and the like; 

(s) lipid lowering agents such as (1) CETP inhibitors such as JT^ 705. torcetrapib CP 532 632 
BAY63-2149.se 59,SC795.and the like; (2) squalene synthetase inhibitor; (^ 
modulators such as GW 4064. SR 103912. and the like; (4) LXR receptor such as GW 3965. T9013137. 
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and XTC0179628. and the like; (5) lipoprotein synthesis inhibitors such as niacin; (6) renin angiotensin 
system inhibitors; (7) PPAR 6 partial agonists; (8) bile acid reabsorption inhibitors, such as BARI 1453 
SC435. PHA384640. S8921. AZD7706. and the like; (9) triglyceride synthesis hihibitors- (10) 
nncrosomal triglyceride transport (MTTP) mhibitors. such as inpUtapide. LAB687. and CP346086 and 
the like; (11) transcription modulators; (12) squalene epoxidase mhibitors; (13) low density lipoprotem 
(LDL) receptor inducers; (14) platelet aggregation inhibitors; (15) 5-LO or FLAP inhibitors; and (16) 
niacin receptor agonists; 

(t) anti-diabetic agents such as (1) meglitinides such as repaglinide. and nateglinide, and the like- 
(2) alpha-amylase inhibitors such as tendamistat, trestatin. and AI-3688, and the like- (3) msulin 
secreatagogues such as linogliride; and A-4166, and the Uke; (4) fatty acid oxidation inhibitors, such as 
clomoxir. and etomoxir. and the Uke; (5) A2 antagonists, such as midaglizole; isaglidole; deriglidole- 
idazoxan; earoxan; and fluparoxan. and the like; (6) non-thiazoUdinediones such as JT-501 and 
fergUtazar (GW-2570/GI-262579). and the like; (7) PPARoc/Vdual agonists such as CLX-0940 GW-1536 
GW1929. GW-2433. KRP.297. L-796449. LR.90, SB 219994. and MK-767. and the like; (8) other ' 
msulm sensitizmg drugs; and (9) VPAC2 receptor agonists; and 

(u) anti-hypertensive agents such as (1) diuretics, such as thiazides, including chlorthalidone 
chlorthiazide. dichlorophenamide. hydroflumethiazide, indapamide. and hydrochlorothiazide; loop 
diuretics, such as bumetanide. ethacrynic acid, forosemide. and torsemide; potassium sparing agents 
such as amiloride. and triamterene; and aldosterone antagonists, such as spironolactone, epiienone ^d 
tiie hke; (2) beta-adrenergic blockers such as acebutolol. atenolol, betaxolol. bevantolol. bisopiolol 
bopmdolol. carteolol. carvedilol, ceUprolol, esmolol, indenolol. metaprolol. nadolol, nebivolol 
penbutolol, pindolol, propanolol, sotalol, tertatolol. tilisolol. and timolol, and the like; (3) calcium 
chamiel blockers such as amlodipine. aranidipme. azehiidipme, bamidipine. benidipme, bepridil 
cmaldipme. clevidipine. diltiazem, efonidipine, felodipine. gallopamil. isradipine. lacidipine. lemUdipme 
lercamdipme. nicardipine, nifedipine, nilvadipine. nimodepine. nisoldipine, nitrendipme, manidipine 
pramdipme, and verapamil, and the like; (4) angiotensm converting enzyme (ACE) inhibitors such as 
benazepril; captopril; dlazapril; delapril; enalapril; fosinopril; hnidapril; losinopril; moexipril; quinapril; 
qumapnlat; ramipril; perindopril; perindropril; quanipril; spirapril; tenocapril; trandolapril. and 
zofenopni. and tiie like; (5) neutral endopeptidase mhibitors such as omapatrilat, cadoxatril and ecadotril 
Wotril. sampatrilat. AVE7688. ER4030. and the like; (6) endotiielm antagonists such as tezosentan. ' 
A308165. and YM62899. and the like; (7) vasodilator, such as hydralazine, clonidine. minoxidil, and 
mcotinyl alcohol, and die like; (8) angiotensin H receptor antagonists such as candesartan, eprosartan 
irbesartan, losartan, pratosartan. tasosartan. tehnisartan. valsartan. and EXP-3137. n6828K and 
RNH6270, and the like; (9) a/p adrenergic blockers as nipxadilol. arotinolol and amosulalol'. and Uie like- 
(10) alpha 1 blockers, such as terazosin. urapidU. prazosm. bunazosin. trimazosm. doxazosin. naftopidU ' 



-42- 



wo 2005/009950 



PCT/US2004/022911 



mdoranrin. WHIP 164. and XENOIO. and the like; (1 1) alpha 2 agonists such as lofexidine. tiamenidine 
moxomdme. rihnenidme and guanobenz. and the like; and (12) aldosterone inhibitors, and the like 

Examples of other anti-obesity agents that can be employed in combination with a compound of 
Formula I are disclosed in "Patent focus on new anti-obesity agents." Exo. Onin. Th.. p,...., iq- 819- 
831 (2000); "Novel anti-obesity drugs," Exp. Opin. Tnv.,st Dnips. 9: 1317-1326 (2000); and "Recent 
advances m feeding suppressing agents: potential therapeutic strategy for the treatment of obesity Bm. 
Opin. Ther. Patents . 11: 1677-1692(2001). The role of neuropeptide Yin obesity is discussed m'^" 
Opin.Inve.st.Dm,s ,9: 1327-1346(2000). Cannabinoid receptor ligands are discussed in Exn. Opi. " 
MestDrugs. 9: 1553-1571 (2000). Various pharmacological approaches for the treatment of obesiw is 
discussed in J-A Ffemandez-Lopez. Drugs: 62: 915-944 (2002); in H. Bays, et al.. "Anti-obesity drug 
development." Exp. Opin. Invest T^ . 11: 1189-1204 (2002); and mD. Spanswick. etal.. •'Emerging 
Anti-obesity Drugs." ExD. Onin. P.m>.rp;r.p n.n,^o 8(1); 217-237 (2003). 

Examples of other active ingredients that may be combined with a compound of Formula I for 
the treatment or prevention of male or female sexual dysfunction, in particular, male erectile dysfunction 
erAer administered separately or in the same pharmaceutical compositions, include, but are not limited to 
(a) type V cyclic-GMP-specific phosphodiesterase (PDE-V) mhibitors. including sildenafil and (6R 

12aR)-2.3.6,7.12.12a-hexahydro-2-methyl.6-(3.4-methylenedioxyphenyl)-pyrarino[2 
b]indole-1.4-dione aC-351); (b) alpha-adrenergic receptor antagonists, including phentolamme and ' 
yohimbme or phannaceuticaUy acceptable salts thereof; (c) dopamine receptor agonists, such as 
apomorphuie or pharmaceutically acceptable salts thereof, and (d) nitric oxide (NO) donors 

Theinstantinventionalsomcludesadministrationofasinglepharmaceuticaldosageformulati^^ 
which contains both the MC-4R agonist in combination with a second active ingredient, as well as 
admmistration of each active agent in its own separate pharmaceutical dosage formulation Where 
separate dosage formulations are used, tiie individual components of die composition can be 
admmistered at essentially the same time. i.e.. concmxently. or at separately staggered times, i e 
sequentially prior to or subsequent to the administration of the oflier component of the composition The 
instant invention is tiierefoie to be understood to include aU such regimes of simultaneous or alternating 
tieatinent. and the terms "admimstration" and "administering" are to be interpreted accordingly 

Admmistiation in tiiese various ways are suitable for tiie present compositions as long as tiie 
beneficial pharmaceutical effect of the combination of the MC-4R agonist and the second active 
ingredient is realized by the subject at substantiaUy the same time. Such beneficial effect is preferably 
achieved when the target blood level concentrations of each active ingredient are mamtained at 
substantially tiie same time. It is preferred tiut tiie combination of ti« MC-4R agonist and the second 
active mgredient be co-administered concunenfly on a once-a-day dosmg schedule; however, varying 
dosing schedules, such as ±. MC-4R agonist once a day and the second active ingredient once, twice or 
more times per day. is.also encompassed herein. A single oral dosage formulation comprised of both a 
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MC-4R agonist and a second active ingredient is preferred. A single dosage formulation wUl provide 
convenience for the subject, which is an important consideration especially for subjects with diabetes or 
obese subjects who may be in need of multiple medications. 

The above combinations include combinations of a composition of die present mvention not only 
with one other active compound, but also witi, two or more ottier active compounds. Non-limiting 
examples include combinations of the compositions of the present invention witii one. two or more active 
compounds selected from lipid-lowering agents, and anti-hypertensive agents. Combinations of the 
compositions of the present invention with one, two or more active compounds selected from Upid 
lowering agents, and anti-diabetic agents are useful to treat, control or prevent metaboUc syndrome. In 
particular, compositions comprising an anti-obesity agent, such as a melanocortin-4 receptor agonist an 
anti-hypertensive agent, m addition to an anti-<iiabetic agent and/or a Upid lowering agent will be useful 
to synergisticaUy treat, control or prevent metaboUc syndrome. 

The compounds in tfie combinations of tiie present invention may be administered separately 
therefore the invention also relates to combining separate pharmaceutical compositions into a kit form 
The kit. according to tins invention, comprises two separate pharmaceutical compositions: a first unit 
dosage form con^rising a prophylactically or therapeuticaUy effective amomit of tiie melanocortin-4 
receptor agonist, or a pharmaceuticaUy acceptable salt or ester tiiereof, and a phaimaceutically acceptable 
earner or diluent in a first unit dosage form, and a second mut dosage form comprising a prophylacticaUy 
or tiierapeuticaUy effective amount of the second active mgredient or drug, or a phaimaceutically 
acceptable salt or ester tiiereof. and a pharmaceuticaUy acceptable carrier or dUuent in a second unit 
dosage fonn. 

In one embodiment, tiie kit finther comprises a container. Such kits are especiaUy suited for tiie 
deUvery of soUd oral forms such as tablets or capsules. Such a kit preferably includes a number of unit 
dosages. Suchkitscanincludeacardhavingtiiedosages oriented in theorderoftiieirmtended use. An 
example of such a kit is a "blister pack". BUster packs are weU known m tiie packaging industry and are 
widely used for packaging pharmaceutical unit dosage forms. If desired, a memory aid can be provided, 
for example in tiie form of numbers, letters, or otiier markings or wiUi a calendar insert, designating tiie 
days or time in tiie ti«atment schedule in which tiie dosages can be administered. 

30 Pharmaceutical Con( i posiriQns 

Anotiier aspect of tiie present invention provides pharmaceutical compositions which comprises 
a compound of Formula I and a pharmaceuticaUy acceptable carrier. The pharmaceutical compositions 
of tiie present invention comprise a compound of Formula I as an active mgredient or a pharmaceuticaUy 
acceptable salt tiiereof, and may also contam a pharmaceuticaUy acceptable carrier and optionaUy oflier 
tiierapeutic ingredients. The term "pharmaceuticaUy acceptable salts" refers to salts prepared from 



20 



25 



35 



-44- 



wo 2005/009950 



PCT/US2004/022911 



pharmaceuticaUy acceptable non-toxic bases or acids including inorganic bases or acids and organic 
bases or acids. 

The compositions include compositions suitable for oral, rectal, topical, parenteral (including 
subcutaneous, intramuscular, and intravenous), ocular (ophthahnic). pulmonary (nasal or buccal 
inhalation), or nasal administration, although the most suitable route in any given case wiU depend on the 
nature and severity of the conditions being treated and on the nature of the active ingredient. They may 
be convenientiy presented in unit dosage form and prepared by any of the methods well-known in the art 
of pharmacy. 

^P'^^*^^"^. the compomids of Formula I can be combined as tiie active ingredient in intimate 
admixture with a pharmaceutical carrier according to conventional pharmaceutical compounding 
techmques. The carrier may take a wide variety of forms dependmg on the form of preparation desired 
for administration. e.g.. oral or parenteral (including intravenous). In preparing tiie compositions for oral 
dosage form, any of the usual pharmaceutical media may be employed, such as. for example, water 
glycols, oils, alcohols, flavoring agents, preservatives, coloring agents and the like in the case of oral 
liqmd preparations, such as. for exan^le. suspensions, elixirs and solutions; or carriers such as starches 
sugars, microcrystalline cellulose, diluents, granulating agents, lubricants, bmders. disuxtegrating agents' 
and tiie like in the case of oral solid preparations such as. for example, powders, hard and soft capsules 
and tablets, with tiie soUd oral preparations being preferred over the Uquid preparations. 

Based on tiieir ease of administiration. tablets and capsules represent the most advantageous oial 
dosage umt form in which case solid pharmaceutical carriers are employed. If desired, tablets may be 
coated by standard aqueous or nonaqueous techniques. Such conqxjsitions and preparations should 
contain at least 0.1 percent of active con5,ound. The percentage of active compound in these 
compositions may. of course, be varied and may conveniently be between about 2 percent to about 60 
percent of the weight of the unit. The amount of active compound in such tiierapeuticaUy useful 
conqjositions is such that an effective dosage wiU be obtained. The active compounds can also be 
admuustered intranasaUy as. for example, liquid drops or spray. 

The tablets, pills, capsules, and flie like may also contain a binder such as gum tragacantii 
acacia, com starch or gelatin; excipients such as dicalcium phosphate; a disintegrating agent such 'as com 
stareh. potato starch, alginic acid; a lubricant such as magnesium stearate; and a sweetening agent such as 
sucrose, lactose or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
matenals of the above type, a liquid carrier such as a fatty oU. 

Various other materials may be present as coatings or to modify tiie physical fonn of the dosage 
umt. For instance, tablets may be coated with shellac, sugar or both. A syrup or elixir may contain in 
addition to the active ingredient, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and a flavoring such as cherry or orange flavor. 
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Confounds of formnla I may also be administered parenteraUy. Solutions or suspensions of 
these active compounds can be prepared in water suitably mixed with a surfactant such as hydroxy- 
propylceUulose. Dispersions can also be prepared in glycerol, Uquid polyethylene glycols and mixtures 
thereof in oils. Under ordinary conditions of storage and use, these preparations contain a preservative to 
5 prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 
dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions or 
dispersions. In aU cases, the form must be sterile and must be fluid to the extent that easy syringabiUty 
exists. It must be stable under the conditions of manufacture and storage and must be preserved agamst 
10 the contaminating action of microorganisms such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, polyol (e.g. glycerol, propylene glycol and 
Uquid polyethylene glycol), suitable mixtures thereof, and vegetable oils. 

Reparation of Comnounds of the Invention 

15 The con^unds of structural formula I of the present invention can be prepared according to the 

procedures of the foUowing Schemes and Examples, usuag appropriate materials and are further 
exenq>lified by the following specific examples. Moreover, by utilizing the procedures described in detail 
m PCT International Application PubUcations WO 02/068387 (6 September 2002) and WO 02/068388 (6 
September 2002). and WO 02/067869 (6 September 2002) which are incorporated by reference herein in 

20 their entirety, in conjunction with the disclosure contained herein, one of ordinary skill m the art can 
readily prepare additional compounds of the present mvention claimed herein. The confounds 
illustrated in the examples are not, however, to be construed as formmg the only genus that is considered 
as the mvention. The Examples further illustrate details for the preparation of the compounds of the 
present mvention. Those skiUed in the art will readUy understand that known variations of the conditions 

25 and processes of the following preparative procedures can be used to prepare these compounds. The 
mstant compounds are generally isolated in the form of their pharmaceuticaUy acceptable salts, such as 
those described previously hereinabove. The fiee amine bases corresponding to the isolated salts can be 
generated by neutralization with a suitable base, such as aqueous sodium hydrogencarbonate, sodium 
carbonate, sodium hydroxide, and potassium hydroxide, and extraction of the liberated amine free base 

30 mto an organic solvent followed by evaporation. The amine ftee base isolated in this manner can be 
finther converted into another pharmaceuticaUy acceptable salt by dissolution m an organic solvent 
foUowed by addition of the appropriate acid and subsequent evaporation, precipitation, or crystalUzation. 
AU temperatures are degrees Celsius unless otiierwise noted. Mass spectra (MS) were measured by 
electron-spray ion-mass spectroscopy. 

35 The phrase "standard peptide coupUng reaction conditions" means coupUng a carboxyUc acid 

witii an amme using an acid activating agent such as EDC, DCC, and BOP in an inert solvent such as 
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dichloromethane in the presence of a catalyst such as HOBt. The use of protecting groups for the amine 
and carboxylic acid functionalities to facUitate the desired reaction and minimize undesired reactions is 
well documented. Conditions required to remove protecting groups aie found in standard textbooks such 
as Greene. T. and Wuts. P. G. M.. ProtecHve Groups in Organic Synthesis, John Wiley & Sons Ihc 
New York. NY, 1991. CBZ and BOC are commonly used protecting groups in organic synthesis, and 
theu: removal conditions are known to those skilled in the art. For example, CBZ may be removed by 
catalytic hydrogenation in the presence of a noble metal or its oxide such as palladium on activated 
carbon in a protic solvent such as methanol or ethanol. In cases where catalytic hydrogenation is 
contramdicated due to the presence of other potentially reactive functionalities, removal of CBZ groups 
can also be achieved by treatment with a solution of hydrogen bromide in acetic acid or by treatment with 
a mixture of TPA and dimethylsulfide. Removal of BOC protecting groups is carried out with a strong 
acid, such as trifluoioacetic acid, hydrochloric acid, or hydrogen chloride gas. m a solvent such as 
methylene chloride, methanol, or ethyl acetate. 



IS Abbreviations TTsftH 
BOC(boc) 
BOP 



CBZ(Cbz) 

DCC 

DCM 

DEAD 

DIEA 

DMAP 

DMF 

EDC 

EtOAc 

Et 

g 
h 

HATU 

HOAt 
HOBt 



in the Description of the Prenaration nf th^. Pn TO Donnds of th,. Present TnvPnrinn- 
t-butyloxycarbonyl 

benzotriazol-l-yloxytris(diniethylamino)phosphonium 
hexafluorophosphate 

benzyloxycarbonyl 

1,3-dicyclohexylcarbodiinaide 
methylene chloride 
diethyl azodicarboxylate 
diisopropylethylamine 
4-dimethylaminopyridine 
N,N-dimethylformamide 

l-(3-dimethylammopropyl)3-ethylcarbodiimideHCl 
ethyl acetate 

ethyl 

gram 

hour 

0- (7-azabenzotriazol-l-yl)-l,1.3,3-tetramethyluronium 
hexafluorophosphate 

1- hydroxy-7-azabenzotriazole 
1-hydroxybenzotriazole hydrate 
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HPLC 
M 

Me 

MeOH 

Ms 

mg 

min 

mL 

nunol 

MC-;cR 

NMM 

NMO 

Pd(dppf)Cl2 
Pr 

PyBOP 

r.t. 

TEA 

Tf 

TFA 

THF 

v/v 



high perfonnance Uquid chromatography 

molar 

methyl 

methanol 

methanesulfonate 

milligram 

minute 

milliliter 

millimole 

melanocortin receptor (x being a number) 
AT-methylmorpholine 
4-methylmorpholine //-oxide 

[lJ*-Bis(diphenylphosphinoKeirocene]KUchloropaUadium(II) 
propyl 

benzotriazoI-l-yloxytripyrroUdinephosphonium 
hexafluorophosphate 

room temperature 

triethylamine 

trifluoromethane sulfonyl 

trifluoroacetic acid 

tetrahydrofuran 

volume/volume 



ReacUon Schen^s A-Q ffl„«ra.e meU,cd=, employed into sjmhesis of the compounds of tt. 
I-«n.mve„«o„ofs«K«r„fo™„,aI. AUs„M«,e«».rea.deaneda*o,e»nle»smdica«d 

Otherwise. 

fam»l. I of to ^ tavenaon. As shown in «acdon Scheme A, to reacflon of a piperidtoe 

ft>m»-al ™«»-i<>ebondco«pUng^onm„s,.a«din,eacttonSchemeAisconL«dtaan 
^pr^™« h.^ - W s«A as DMF. DCM to Uh, and ma, be perfo^ed wiU, a variety of ^agents 
smtd.Ie»,ram.deconpltagreacdonssuchHATU.BDC,orbenz«riazoM. 

ylox^pynoUdi«^honimn hexafl.orophospha« (PyBOP). P^ condidons for to amide bond 
^g.eac,.onsho».in^onSchemeA«etaown»a,o«aidi,.dinors^^ Such 
mod.flca..onsmaymcl„de.b«a«not)ten.ed.o.to„a.ofbasic.eagen.s».has«e.hylamine(raA) 
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DIEA, or 7V-methylmorpholine (NMM). or the addition of an additive such as HOAt or HOBt 
Alternatively. 4-substituted piperidines of foxnaula 1 nmy be treated with an active ester or acid chloride 
denved from carboxylic acid 2 which also affords compounds of structural formula I. The amide bond 
couphng shown in reaction Scheme A is usuaUy conducted at a temperature between 0 "C and r t 
occasionaUy at elevated temperatures, and the coupling reaction is typically conducted for periods' of 1 to 
24 hours. 

Scheme A 



HATU 





HOAt, 
DMF 




Formula I O 



If It rs desired to produce a compound of structural formula I wherein Z is a nitrogen and Rl is a 
hydrogen, the N-BOC protected analogs of structural formula I may be used in the synthesis and 
deprotected under acidic conditions, for instance using TP A in a solvent like DCM or hydrogen chloride 
in a solvent such as EtOAc at a temperature between 0 "C and r.t. 

When it is desired to prepare compounds of structural formula I wherein Z is a nitrogen and Rl is 
not a hydrogen, the compounds' of general formula I (Z = N. Rl = H) may be further modified using the 
methodology described below in reaction Scheme B. For example, the N-BOC protected compound of 
smu^tural formula I can be deprotected under acidic conditions for instance by treatment with hydrogen 
chloride in EtOAc or using TFA in DCM as previously described. The resulting heterocycHc compound 
of structural formula I (Z = N. Rl = H) may then be subjected to one of several alkylation strategies 
known m organic chemistry to add another Rl group. For instance, compounds (D (Z =N. Rl = H) may 
be uulized m a reductive amination reaction with a suitable carbonyl containing reagent 3. The reductive 
ammation is achieved by initial formation of an imine between the amine of formula I(Z = N Rl = H) 
and either an aldehyde or ketone of formula 3. The intermediate imine is then treated with a reducing 
agent capable of reducing carbon-nitrogen double bonds such as sodium cyanoborohydride or sodium 
tnacetoxyborohydrideand an alkylated product of structural formulalis produced. Alternatively a 
heterocyclic conq,ound of structural formula (D (Z = N. Rl = H) may be direcdy alkylated using 'an 
alkylatmg agent such as 4 in a polar aprotic solvent such as DMF. m this reaction, the substituent 
leaving group. LG. of compound 4 is a leaving group such as a halide, mesylate or triflate. and the 
product is the compomid of structural formula I (Z = N) bearing the R 1 substituent 



Scheme R 



-49- 



wo 2005/009950 



PCT/US2004/022911 




HCI, 
EtOAc 



O R2 
Formula I (Z =N, = BOC) 



R?^R3 




O R2 
Formula I (Z=N, Ri = H) 



1 

Ra'^Rb 3 
AcOH, NaB(0Ac)3H, 
CHaCIa 



-or- 



R^-LG 4 
K2CO3, DMF 

LG = hallde, 
OMs, OTf, etc. 



10 



15 




Reaction Schemes CO iUustrate methods for the synthesis of the caiboxyUc acids of general 
formula 2 that are utiUzed in the amide bond coupling reaction shown in reaction Scheme A These 
schemes also feature methods for modification or elaboration of compounds of general formula I 

Reaction Scheme C iUustrates a preferred method for the synthesis of compounds of general 
formula 2 wherein Z is a nitrogen, r is 2 and s is 1 such that the resulting heterocycle is a 3-atyl-4- 
piperidine carboxylic acid derivative 12. The synthesis of 12 begins with a commercially available B- 
keto ester such as 5. Generally a protecting group mterchange of an A^-BOC group for the iV-ben^l 
group .s performed mitiaUy. Thus a p-keto ester of formula 5 is subjected to debenzylation by 
hydrogenolysisusingapalladium-on-carbon catalyst i^ ethanol-water under 

ahydr<,gen atoosphere. The resulting pi^^^^ 

BOC anhydnde m the presence of a base and a suitable solvent For example, this can be accompUshed 
m a two phase mixture of chloroform and aqueous sodium bicarbonate as shown. Incorporation of the 3- 
aryl substituent is then performed in two steps. First, the P-keto ester group is converted to the 
corresponding vinyl triflate 8 using trifluoromethanesulfonic anhydride and an organic base like DIEA in 
an aprotic solvent such as DCM. Tl,e resulting vinyl triflate S is then subjected to a palladium^atalyzed 
cross-couplmgreaction with an arylboronic acid (2) usingapalladium (ID catalyst such as [1 l'- 
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bu(d.phenylphosphtaoKerroc=neld,ch,oropaU.diunOT. Prefer, dUs .^caoo are *e 

use of a .oluene^U«„„,.aq„eo„s sodium carbouaK solvent system « an elected teapecamre for 

Msunce 5WOO-C.foraperiodo,2-24 hours. lT«resu.ang..y..„5s«,„«d«tr.h,d«,p^^ 
denvaove io can be reduced ,o a pip^diue such as U u.u,g a variety of kno™ .«,hni,ne. and the 
n«hod chosen v^ detennine the steteochenncal outcome of .he product For instance, hydrogenatlon 
of J2 wrth .pdM.»n«n.arbon catalyst in a solvent such as ethano, affords ci..3,4^Ltli 
prpendmes of general fcnnula IX. AltemaUvely, a dissolving metal reduction using a metal, such as 
ma^mn in me.h«>ol. reduces the double bond of IQ and produces a mixture of both cis and ^-on, 3 4- 
^„bs.^t^p,per.dn.esoffornmlaU.ll»:esnltingmix.ureofc,.and.<^diaste^^ 

^^dchrom^ograpUcallyoritn^yhesnbsequenUyepin^rfaedtoaffordthepure,^ 
11 by treaang t^ mncture with a base like sodium metho«de in methanol. Finally, hydrolysis of either 

.hec„^,,n„3^1^ip.ridinecarbox,licea.erllaffonlseither.ci,or,,».3-a:y,-4^iperidine 

carboxyUcacK.ofgenera.formn.alicor,eapondingt„anaddof 

- 1. Th=-or,,<n„c,rboxylk acids of g«,enUfo^,^,„p^^„„^^^_, 

be ^olved to afford enanlomericaUy pure compounds by methods Imown in organic synthesis. 
Preferred methods todude tesolutton by crystallizathm of dia««eoisomeric salts derived ftom acids 12 
and a chral amme base or the use of chiral st«ionary phase liquid chromatography columns 
/aten^fvely. a» c<. or carboxylic ester. U can also be resolved by the use of chiral stad„n«y 
phase hqmd chromatography columns. 

Scheme C. 
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Reaction Scheme D illustrates a preferred method for the synthesis of compounds of general 
formula 2 wherein Z is a nitrogen, r is 1 and s is 2. such that the resulting heterocycle is a 4-aryl-3- 
piperidine-carboxyUc add derivative 19. The synthesis of 19 is similar to the synthesis shown in 
reaction Scheme C, and may begin with either of the commercially available P-keto esters 13 or 14. 
Conversion of 12 or M to the iV-BOC-protected piperidine 15 is performed as shown and the resulting P- 
keto ester is subjected to the two-step arylation protocol previously described m Scheme C to yield 12. 
Reduction of the double bond of 12 using conditions appropriate for obtaining either cis or trans 18 is 
followed by ester hydrolysis which affords either a cis or trans 4-aryl-3-piperidine-carboxylic acid of 

general formula 12 which corresponds to an acid of general formula2whereinZisamtrogen.ris 1 ands 
is 2. The cis or trans carboxyHc acids of general formula 19 are produced as racemates and either may be 
resolved to afford enantiomerically pure compounds by methods known m organic synthesis. Preferred 
methods include resolution by crystallization of diastereoisomeric salts derived from the acids 12 and a 
chiral amine base or by the use of chiral stationary phase liquid chromatography columns. As before, the 
cis or trans carboxyUc esters 18 can also be resolved by the use of chiral stationary phase Uquid 
chromatography columns. 
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Scheme D 
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The synthesis of the AT-BOC protected carboxyUc acids of general fonnula 12 and 19 illustrated 
ui reaction Schemes C and D are useful for the preparation of title compounds of structural formula I (Z 
= N) bearing a variety of Rl substituents as noted above. For the synthesis of certain tiUe compounds of 
structural formula I. for instance when it is desired that Z is nitrogen and Rl is tert-butyl group, it is 
preferable to incorporate that Rl substituent at an earlier stage of the synthesis. The synthesis of a 1- 
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substotuted-3-ketopiperidine-4K:arboxyUc ester Q3) is shown in reaction Scheme E. A primary amine 20 
beanng a desired Rl substituent like a tertA>utyl group is reacted with ethyl 4-bromobutyrate at elevated 
temperature in the absence of a solvent to afford the AT-substituted ethyl 4-aminobutyrate 21 . The amino 
ester 21 is then alkylated a second time with ethyl bromoacetate in a high boiling inert solvent such as 
toluene and m the presence of a base such as powdered potassium carbonate. The resulting aminodiester 
of general formula 22 is then cyclized usmg an intramolecular Dieckmann reaction to afford a pipeiidine 
such as 23. The Dieckmann reaction is performed using a strong base such as potassium tert-butoxide or 
the like, m an aprotic solvent such as THF at temperatures between r.t. and the boiling pomt of the 
solvent. The resulting l-substituted-3-ketopiperidine-4-carboxylic ester 23 corresponds to a compound 
of general formula 7 shown m reaction Scheme C, where the BOC group is replaced with the desired Rl 
subsutuent. The compounds of general formula 23 may then be converted to compounds of general 
formula 2 (Z = N) where the Rl substituent replaces the BOC group using the reaction sequence 
illustrated in reacticm Scheme C. 



Scheme E 



20 



25 
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When it is desirable to synthesize a compound of general formula 19 wherein the BOC group is 
replaced with a substituent group Rl. a reaction sequence sunilar to the one illustrated in reaction 
Scheme D may be employed starting with a compound of general formula 15. which may be synthesized 
as shown in reaction Scheme F. An amine 2Q bearing the desired Rl substituent is first subjected to a 
Michael addition with excess ethyl acrylate in the presence of a solvent such as THF or ethanol The 
resulting diester 24 is flien converted to a l-substituted-4-ketopiperidine-3^arboxylic ester 25 using an 
intramolecular Dieckmann reaction under conditions simUar to those illustrated in reaction Scheme E 
The substituted piperidine 25 corresponds to a compomid of general formula 15 shown in reaction 
Scheme D, wherein the BOC group is replaced with tiie desired Rl substituent. The compounds of 
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general formula25 inay then be converted to coxnpounds of general formula 2 where the Rl substituent 
replaces the BOC group using the methodology illustrated in reaction Scheme D. 



Scheme P 
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Reaction Scheme G illustrates a strategy for the synthesis of compounds of general formula 2 (Z 
= N) wherem the values of r and s are selected such that the resulting heterocycle is a 3-aryl-4. ~ 
pyrrolidine carboxyUc acid derivative (31). The preferxed method for the synthesis of compounds of 
general formula 31 involves the azomethine ylid 3+2 cycloaddition reaction of an azomethine yUd 
precursor of general formula 22 and a substituted cim^amic ester 2fi. The azomethme cycloaddition 
reaction of 26 and 22 affords the3.4-disubstitutedpyxxoUdine 28. »^ 

die ^bsmuents on the newly formed pyrrolidine ring is determined by the stereochemistry of the double 
bond m Ae cmnamate ester 26. Thus the trans ester 26 affords a trans 3.4-disubstituted pyrrolidine of 
formula The corresponding cis cimiamate ester affords a cis 3.4Kiisubstituted pyrroUdme of general 
fonnula 28. Cis or trans 3-arylpyrrolidine-4-carboxylic esters of general formula 28 may be resolved to 
afford enanuomerically pure compounds using a method such as resolution by crystallization of the 
drastereoi^meric salts derived fronOS and a chiral carboxylic acid, or direcUy by the use of chiral 
stationary phase Kquid chromatography columns. Reaction Scheme G iUustrates the case where a trans 
cmn^c ester 26 is converted to a trans 3.4-disubstituted pyrroUdine 2& and its subsequent resolution 
affords the enantiomerically pure trans pyrrolidine esters 29 and 30. FmaUy. the esters of general 
fonnula 28 (or their pure enantiomers 22 and 30) are hydrolyzed to the corresponding amino acid 
hydrochlorides of general formula 31 as shown at the bottom of reaction Scheme G 

Amino acids of general formula M are zwitterionic. Therefore it is in some cases difficult to 
achieve efficient separation and purification of these compounds from aqueous reactions or workups Ih 
these cases it is preferxed to effect Ae hydrolysis using a reagent such potassium trimethylsUanolate in 
diethyl ether. Under these conditions the potassium salt of the carboxylic acid is produced which affords 
an e^dy isolated precipitate in ether. The resulting salt is then converted to the correspondmg amino 
acid hydrochloride by treatment with excess hydrogen chloride in a suitable solvent such as EtOAc 
Alternatively, esters such as 28 may be converted directly to the amino acid hydrochlorides 3i under 
acidic hydrolysis conditions. Tt. hydrolysis of die ester 28 is achieved by prolonged reaction with 
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concentrated hydrochloric acid at an elevated temperature. For example, this reaction may be conducted 
m 8 M hydrochloric acid at reflux overnight. The reaction mixture is then cooled and evaporated in 
vacuo to afford the amino acid hydrochloride 31- The amino acid hydrochlorides of general formula M 

coirespondtoanaminoacidhydrochlorideof general fonnula2(Z = N) wherein bothrandsare 1 and 
may be employed directly in the amide bond coupling step Ulustrated in reaction Scheme A to produce 
the compounds of the present invention of structural formula L 




Scheme G 
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Another preferred method for the synthesis of enantiomerically pure 3-arylpyiroUdine^ 
carboxyUc acid derivatives is illustrated in reaction Scheme H. In this synthetic method, cmnamyl 
oxazolidinones of general formula 34 are readily prepared from cimiamic acids and (5)-(-)^benzyl-2- 
oxazolidinone using published methodology (Ho, G.-J.; Mathre. D. J. J, Org. Chem. 1995, 60, 2271 and 
15 references cited therein). Theacylationof chiral auxiliary 33 with cimiamic acids of formula 32 is 
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performed by initial activation of the acid to afford a mixed anhydride. TypicaUy acids of general 
formula 22 are reacted with an acid chloride such as pivaloyl chloride in the presence of a base such as 
triethylamine and in a suitable aprotic solvent such as THF. The intermediate cinnamyl-pivaloyl 
anhydride is converted to the product 34 by reaction with the oxazoUdmone 33 in tiie presence of Uthium 
5 chloride, an amine base such as triethylamine and in a solvent such as THF. and the reaction is conducted 
at temperatures between -lO^C and r.t. for periods of 1-24 hours. Alternatively, the oxazoUdinone 33 
may be deprotonated with a strong base such as n-butyllitiiium in THF at low temperatures such as -78»C 
and then reacted with a mixed anhydride obtained from acid 32 and an acid chloride like pivaloyl 
chloride as noted above. The cimiamyl oxazolidinone of general formula 34, which is produced by eitiier 
10 of tiiese metiiods, is tfien reacted witii tiie azomethine ylid precursor 27 in a manner similar to that 
described m reaction Scheme G, and tiie products of tiie reaction are tiie substituted pyrroUdines of 
general formula 35, which may be separated into pyrroUdines of general formula 36 and 37 as shown. 
The products M and 32 are diastereoisomers of each otiier and may tiierefore be separated by standard 
metiiods such as lectystallization or by liquid chromatography on a stationary phase such as silica gel. 
As discussed above, if tiie trans isomer of tfie cinnamic acid of general formula 32 is employed in flie 
first step of reaction Scheme H. ttien a trans isomer of tiie substituted cumamyl oxazoUdmone 34 is 
produced. If such a trans cinnamyl oxazoUdinone is tiien subjected to tiie azometfiine ylid cycloaddition 
witii an azometiune yUd precursor of formula 22, tiie products are tiie diastereoisomeric trans- 
disubstituted pynoUdines related to 36 and 37. 



15 



20 




Scheme H ; 



1 . Pivaloyl chloride, 
EtgN, THF 




25 



-57- 



wo 2005/009950 



PCT/US2004/022911 



Me3Si> 



CF3CO2H. 

CH2CI2 



Ph 

\ 



Separate 
Isomers 



chromatography 



o o 



36 




The azomethine ylid cycloaddition reactions shown in reaction Schemes G and H are generaUy 
conducted with the commercially avaUable azomethine ylid precursor iV-(meti,oxymethyl).A^. 
(tnmethylsxlyhnethyD-benzylamine (27. Rl = -CHsPh). When the Rl substituent in Jtitie con^unds 
of structural fonnula I is chosen to be a group other than benzyl, it is generally preferable to remove the 
benzyl group from the substituted pyrrolidine compound at this pomt. and replace it with a more readily 
«nK)ved protecting group such as an A^-BOC group. Reaction Scheme I illustrates this process witi. a 
generalized 3.4-disubstituted pyrrolidine of formula 35- The preferred metiaod for removal of theiV- 
benzyl group from compounds of general formula 35 wiU depend upon the identity of the R3 
substituents. If tiiese substituents are unaffected by hydrogenation conditions, tixen tte iV-benzyl group 

maybe removed by hydrogenolysisusmgapalladium-on-carbon catalyst inasolventsuc^ 
m the presence of hydrogen gas or a hydrogen donor such as formic acid. OccasionaUy it may be 
preferred that one of the substituents R3 be a halogen or another substituent defined above which would 
be reactive under hydrogenation conditions. In tiiese cases, the confound of general formula 35 is 

and no C (Olafson. R.A. et al. /. Org. Chem. 1984. 49, 2081). The toluene is then removed, and the 
residue .s heated in metiianol for a period of 15-60 mmutes. and tixe product is tiie debenzylated 
pyrrohdme of general formula 38. The resulting pyrroUdme 38 is then protected as its ^m-butyl 

carbamate (39) usingBOC anhydride in ti,e presence ofabaseandasuitable solvent. For e^^^^ 
can be accomphshed m a two phase mixture of chloroform and aqueous sodium bicarbonate as shown 
reactioii Scheme 1. 



I in 
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The oxazolidinone chiral auxilliary is next hydrolyzed from the pyrroUdines of general formula 
22 as shown at the bottom of reaction Scheme L The hydrolysis reaction is accomplished using lithimn 
hydroperoxide generated in situ from lithium hydroxide and 30% aqueous hydrogen peroxide. The 
reaction is typically conducted in a solvent system such as aqueous THF. and the reaction is performed at 
temperatures between 0 and r.t. for a period of 1-6 hours. The resulting carboxylic acids of general 
formula 40 correspond to carboxylic acids of general formula 2 wherein Z is nitrogen, and both r and s 
are 1. Using the methodology presented in reaction Scheme A. the compounds of general formula 40 
may then be converted to the confounds of the present invention of structural formula I(Z = N). 

Scheme I 
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As noted previously in the discussions of reaction Schemes E and F. it may occasionaUy be 
preferable to incorporate the Rl substituent into the substituted pyrroUdine of general formula 40 at an 
earUer stage of the synthesis, for instance when it is desired that Rl be a tert-butyl group. In such cases. 
It is possible to utilize an azomethine ylid precursor (22) bearing the desired Rl substituent in the 
cycloaddition reactions illustrated in reaction Schemes G and H. Reaction Scheme J illustrates the 
preparation of azomethine precursors of formula 27 startmg with amines of general formula 2Q. Reaction 
of the amine of formula 20 with chloromethyltrimethylsUane at high temperature and m the absence of 
solvent affords the iV-trimethylsilyhnethyl-substituted amine of general formula H. Subsequent reaction 
of 11 with aqueous formaldehyde in the presence of methanol and a base such as potassimn carbonate 
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Scheme J 
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Formula I (Z = C, RU NR'^RV) 

Reaction Scheme L iUustrates a preferred method for the synthesis of compounds of structural 
fonnula I (Z = C) which employs a piperidme of general formula 1 and a hydroxyl-substituted cycloalkyl 
carboxyhc acid of general formula 46 as the partners in the amide bond coupUng step. The amide bond 
couphng step between piperidine 1 and carboxylic acid 4g is performed first, typically using a 
carbodiimide reagent like EDC to promote the coupling as described above or by any of the other 
xnethods described in the discussion for reaction Scheme A. The hydroxyl-substituted amide 42 which is 
produced is then further syntheticaUy modified to incorporate the r1 substituent present in tiie titie 
compounds of structural formula I (Z = C). A variety of metiiods known to those skilled in organic 
synthesis may be used to incorporate the r1 substituent. For instance, the hydroxyl group of compounds 
of general fonnula 47 may be oxidized using a variety of metirods to afford carbonyl compounds of 
general formula 43. The resulting ketoamides of general formula 43 may then be converted to tire tide 
conq,ounds of structural formula I (Z = C) using tire reductive amination metirod described in reaction 
Scheme K. 
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OccasionaUy.itn.ybepreferabletoutilizeh^ 
42 in a Fukuyama-Mitsunobu reaction (Fbkuyama. T.; Cheung. M.; Jow. C.-K.; Hidai. Y • Kan T 
Tetral^edron Utt. 1997. 55. 5831-4) sequence as shown in reaction Sche„« L. In this me4od for the 
synthesis of the novel title compounds of structural fonnnia I (Z = Q. the mtennediate hydroxyl- 
substituted cycloalkylamide 47 is reacted with a 2.4-duutrobenzenesulfonamide of general fonnula 48 in 
the presence of triphenylphosphine and an azodicarboxylate reagent such as DEAD. The reaction is~ 
perfoxxned in a suitable aprotic solvent such as benzene, toluene or THF. typically at r.t, and the reaction 
IS generally complete in 0.5-3 hours. The product of this reaction is the secondary 2 4- 
dmitrobenzenesulfonamide of general fonnula 49, which may then be readUy converted to a title 
compoimd of structural formula I(Z = C) wherem r8 = H. The deprotection of the sulfonamide group is 
acco„„hshed by reaction of 49 with either a base Uke n-propylamine m a solvent Hke DCM or by 
reaction of ^ with a nucleophiUc reagent such as mercaptoacetic acid with triethylamine in DCM m 

e^er case thereaction is typicaUy conducted atr.t. for periods of5mmutes to one ho 
of theR^uyama-Mitsunobu reaction sequence is that the stereochemist^ 

substitution IS cleanly inverted. Thus if the hydroxyl-substituted cycloalkylanude 47 is 
dxastereoisomer. then the product 49 will be a smgle diastereoisomer also. ITus is in contrast to the 
reductive amination strategy discussed m reaction Scheme K which generaUy affords a mixtiire of 
epimenc products. 

lT'»==«»<'»^«nmeoffbnmI.I(Z.CRl=N(H)R7)sho™to,=actt»Sch«^ 
be ftrter »aUy modified using a variety «f n»a,<«,s tao™ to ^ ^ 

otter .n^oi^ of tte r8 For instance, a compomd of Mmctu™! fonnnta I (Z = Q 

I ,r ' ""^"^ '° ' """"" - k«0"e 

r oT ' " """"^ ^'='»^-'y- ' -"*<,»nd of structoal fomuO. I 

. "^'"^ ""^"^ ""tag fl» condition. 

descnbed in reaction Scheme B. 



Scheme L 
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Formula I (Z = C. Ri = N(H)R^) p,^„, , . c. Ri = NR^RB) 

Reaction Scheme M iUustrates a prefen^ method for the synthesis of the cycloalkyl carboxyUc 
acxds of general fom„Ja^ when the values of r and s are selected such that the resulting carbocyclic 
nng^sasix-memberedrmg. In this n^thodaDiels-Alder reaction betw^^ 

general fonnula 50 and 2-trimemyIsilyloxybutadiene (51) affords a mixture of the two regioisomeric 
sdylenolethers 52and53. Tlxesilylenoleft^ 

usmg hydrochloric acid in a solvent such as methanol and the two regioisomeric ketones 54 and 55 are 
then separated by conventional chromatographic methods. The olefin geometry of the startmg al- 
unsaturated ester of general formula 5Q determines the relative stereochemist^ 

the s^-membered ring. Thus a trans o,P-unsaturated ester 5Q affords the rra„,-disubstituted products 52 
and 53 as shown, whereas the conespondmg cis isomer of compounds of general fonnula 50 will affor7 
4e corresponding cis isomers of 52 and 53. Once the regioisomeric cyclohexanones of general formulae 
M and 55 are separated, they may then be mdividually hydrolyzed. For instance, hydrolysis usmg 
hthium hydroxide in refluxing THF. affords the carboxyUc acids of general formula 42 (r = 2. s = 1) and 
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42 (r - 1, s = 2). The acids of general foimula^ aie finaUy converted to the novel title conq)ounds of 
structural fonnula I (Z = C) using the methodology described above in reaction Schemes K and L. 

Scheme M 



MeO 




180-C 



SiMea 



SI 



MeOaC 




OSiMea 



OSiMes 



MeOaC 



53 




HQ. MeOH 



54 



UOH, THF 

es'c 




UOH, THF 

es'c 



42 r=2, s=1 




42r=1.s=2 



Reaction Scheme N illustrates a preferred method for the synthesis of the cycloalkyl carboxyUc 
acids of general formula 42 when the values of r and s are selected such that the resultmg carbocycUc 
ring is a five-membered ring. In this method an a.P-unsaturated ester of general formula 50. is subjected 
to a trimethylenemethane cycloaddition reaction (Trost. B.M.; Chan, D.M.T. J. Am. Chem. Soc. 1979, 
101, 6429) to afford a cyclopentane derivative of general fonnula 52- The cycloaddition is performed by 
reacting the a,P-unsaturated ester of general formula 5Q with 2-I(trimethylsilyl)methyl]-2-propen-l-yl 
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acetate Qfi) to ihc pr«.„ce of a paUadim»(0) catalyst h. a solvoit such as THP A ptefmed 
palladi„„,(0) catalj., for the cycloaddidon may be generated by n^g paUadittm ace.«e and 
tntsopropyl phosphite u, U,e reaction rnixture. The cycl™«idition reacUon is typicaUy conducted « the 

n=fluxten^„™eo,thc solvent, for instance 65-C.andd^reacaonisusuanyc^npletedto 

2-8 hours. The olefin geometry of dae starttog c,P-unsaturated ester of g«eral fcnnnla 30 detennines 

the relative steteochennstry of U,e two substituents on d» five-memb«ed ring. Thus . iZ^ „.B- 

»^tedester3fiaffo.ds the .^.s^bstiMtedproductSIas Shown, wheteastheco^ 
^omerof c™^ of genera, formula ^fi affords the conespondmg c^s-disubstituted isoir of 37 
The exocychc olefin pres«« in compounds of general formula 52 is next oxidatively n>moved to a^otd a 
cydopentanm^ d^ivative of general tbrmula ^ A preferred method for the oxids^ve cleavag^ 
.^^ostepprocesssJ»™,h..eactio„SehemeN.Theme.hyleuecycl^^^^^^ 

2.sflrstox.d.zedto.l.2HiioIderivadveustog catalytic osmiumtetraoxide in the presence Ota 
su^ht^c reoxidan, such as AT-n^hytaorpholine^^xide and a solvent system such as acetone- 
water. Tl^n.tenn.dia.el^^whichfonnsisgeuemllyno.isolated.bu.isinn^subjectedto 
^savage mthsodhunpedod«emaso,ven.systemlibm^^^ 

fomMUiS. Both stepsmtheoxidadve Cleavage sequence are generuU, completed dutingpiods Of 
seveta, mmutes to a few hours and the reaction steps are typically conducted a. low temp^ 

ZT ^"™*""'- of genjf^ 3Tmay 

be acc n^Ushedusmg ozone, or by other med-odstao™, taorganic syndesis. Tlecyclopent^ro;;; 
^ne^lformulajamay then be hydrolyzed, for instance 

U»carboxyhcac,ds of general formuIaffi(r=l,s=l). The acids Of gen^dfornu^ 

^vetted to novel tide compounds of structural formula I (Z = C) ustag the method^iogy desc Jb«i 

above in reaction Schemes K and L. ^noea 
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Enantiomerically pure conqjounds may be prepared from starting materials bearing a suitable 
covalently attached chiral auxiUaiy group using synthetic transformations simUar to those outiined above 
Reaction Scheme O Ulustrates the use of a covalently attached chiral oxazoUdinone auxiliary for the 
preparation of enantiomerically pure cyclopentanones of general formula 58. In tins metiiod of 
preparation, an a,P-unsaturated acyloxazolidone of general formula M. synthesized as shown in Scheme 
H. ,s subjected to the tiimethylenemettiane cycloaddition reaction with conqjound 56 as described above 
m reaction Scheme N. The a.3-unsaturated acyloxazolidones of general formula 59 are readily prepared 
according to tiie metiiods described in the discussion for reaction Scheme H. The confounds of general 
formula 34 undergo the trimetiiylenemetiiane cycloaddition under the same conditions as compounds of 
general formula 50 (Scheme N) and the products are tiie diastereoisomeric cyclopentanes 59 and 60 
Compounds of general formulae 52 and 60 are readily separated from each other by conventional 
chromatographic methods or by recrystallization, and may ti.en be converted to the compounds of general 
formula 5S individuaDy . This process is iUustntted at the bottom of reaction Scheme O for the case of 
the cyclopentane witi, the absolute stereochemistry shown in formula 52- The enantiomericaUy pure 
confounds of general formula 52 are &st hydrolyzed to afford mtermediate carboxylic acids and 
4-ben2yl.2-oxazoUdinone using a reagent such as Uthium hydroperoxide, typically generated in situ, in a 
smtable solvent system such as aqueous THF. The cari^oxyUc acid formed is generally then converted to 
a methyl ester 61 using diazomethane. trimethylsilyldiazomethane or any of tiie esterification metfiods 
commonly employed in organic syntiiesis. The olefin present m the esters of general formula §1 is ttien 
subjected to the oxidative cleavage metiiod presented in tiie discussion of reaction Scheme N to afford 
enantiomerically pure compounds of general formula 58. The cyclopentanones of general formula 58 
may tiien be hydrolyzed. for mstance usmg sodium hydroxide in metiianol. to afford tiie carboxyUc acids 
of general formula^(r= l.s= 1). The acids of general formula 42 are finally converted to tiie novel 
titie compounds of structiual formula I (Z = C) using tiie metiiodology described above in reaction 
Schemes K and L. 



Scheme Q 
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►Ac 



34 



Pd(OAc)2, 
P{0'Pr)3, 
THF, 65»C 




59 




60 




59 



LLiOH, H2O2, 
THF, H2O 

2. CH2N2, EI2O 



MeO. 




1.0s04, NMO, 
H2O, acetone 

2. Nal04, THF. HgO 



MeQ 



T 

o 

S8 




NaOH 



MeOH 



HO. 




42r±:1.s=1 



When it is desired to prepare individual enantiomers of the novel tide compounds of structural 
formula I. it is possible to perform a resolution of the compounds of structural formula I using one of the 
methods known in the art of organic synthesis. For instance, enantiomerically pure compounds (D may 
be prepared by crystallization of diastereoisomeric salts formed from the racemic compounds of 
structural formula I and an opticaUy active carboxyKc acid. The two diastereoisomeric salts are 
separated from each other by fractional crystallization, then the enantiomerically pure compounds of 
structural formula I are regenerated by treatment of the purified salts with a base. Alternatively, racemic 
compounds of structural formula I may be resolved by preparative HPLC using commercially avaUable 
chiral stationary phase colmnns. Another strategy for the preparation of enantiomericaUy pure 
compounds of structural formula I involves preparing enantiomerically pure compounds of general 
formula 2 prior to their use in the amide bond forming reaction outlined in reaction Scheme A. Racemic 
compounds of general formula 2. or intermediates used to prepare compounds of formula 2 as described 
m the previous reaction Schemes (i.e. acids 12. 19. 3L 42 and 46. or esters il. IS. 28. 54. 55 and 5S) 
may also be resolved using the classical methods previously discussed. 

Reaction Scheme P illustrates a preferred method for elaboration of tiie aryl piperdine substituent 
to generate compounds of structural formula I whereby R4=C(H)(NRXRy)CH2CH3. Treatinent of enol 
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^.e ^ W a. d«c„b«. in: Rot. M.; Ch.,«. S.; G.^„. p, Mann. A.; T^. M.; We^uU,. 
^ 1996. 43. 2131) with bis(pi««:„h.o)dibor™ ,=ag«« i. u« p^eno. 

(Pd«.ppf)a2) and po.a.s,nm acaute in a pota. tae„ aol«n. and, aa miyl snlfoxra, about 

3 ™I """^ ■-'^ 'fc'-yl dioxabo^la^a. B«olane 
flcan^M»r^cted„«h.na,y,ttifla.es„ohaai5.wUchisp^ftoMpl«nol64.sfcllo„s 
Pb«K,I M oan be convened ,o the OMate using a .riflating reagent auch as .rillic anh^ril in the ' 
I« rfa tertoy amine aueh aa triethylamine and a catalyUo amount of DMAP in an i«rt solvent 
^cbasDCM^low tempe^tn^. Triflate can ^ fin«,er elabo^ted by action wio. bo^lanesTin 
a» p-esenc, of a paBadimn catalyst snch as ...ralcis(triphe„ylpb„sphine)palladi„m(0) and aqneous" 
Ttrr^ in a degaas^l ntente of ethanol and toluene with heating to give the coupled 4-a,y, 
tttt^yrtdm. ptoductfifi. Reducdon of the double bond of intetn^diateM can be effected by 

^w.,hMro»=n at «mosphedcp«saute«K>.nobIe metal catalyst on carbon such as pallLmn 

^^.munflV) ox^ in an inert solvent such as ethanol EtOAc. acetic a^ 
^ordthe^^lptpt^e. 

. Zr ™ " ' ^ ^ - - -ivent such 

•r^rf:^""^'''°'^'^'^"''"'*''^'^''"-*«'-P""SPar«cr„ith 
adsof^e^byemployinganyofthelargenumherofaml^bond-fotmh^reag^^^ 
Scheme A. A second amine^ontaining substitu«>t can d»m be mc^potated at the position of the 
carbonyl group of fis by teductive annnation with an andne of g«H^ farmuU^i as descnb«. m 
ocneme K. 



Scheme P 
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R?, R3 

Ri a. Ti(/PrOH)4. 

-2 HNR^RV 



O '^'^Y'^^^® NaBH4,-10°Ctort 

M ' O R2 




s 



RWN 

Formula I (R*=C(H)(NR'«Ry)CH2CH3) 



Reaction Scheme Q iUustrates a general method for the elaboration of compounds of type 73 to 
generate chiral alkylamines of the general formula I whereby R4=(C(H)(NRxRy)CT2CH3) ^e 
synthesis of 23 begins with ketone 66 which can be reduced with a suitable reducing agent such as 
sodxum borohydride in a mixture of methanol and THF to afford the racemic title compound 69 which 
can be resolved into its enantiomeric components using a method such as preparative chiral HPLC or 
preparative supercritical fluid chromatography on a number of chiral stationary phases such as 
CHIRACEL OD. Independent conversion of the hydroxyl group of either enantiomer of fi2 to an amine 
functionahty can be achieved by displacement of the hydroxyl of 69 with an aride moiely usmg 
Mitsunobu-type conditions. Alternatively, this hydroxyl group can be activated in discreet steps by 
conversion to the mesyl derivative, followed by displacement with the appropriate azide. Tandem 
reduction of the azide and olefin in intermediate 2Q can then be effected by treatment of intermediate 70 
with hydrogen at atmospheric pressure and a noble metal catalyst, as described in Scheme P The free" 
amme can then be protected with a non-acid labile protecting group, such a Cbz. by aUowing the amine 
to react with a reagent such benzoylchlorofonnate under biphasic conditions employing a suitable 
organic solvent such as DCM and an aqueous base such as sodium bicarbonate. Removal of the ten- 
butyloxycarbonyl protecting group affords the coitespondmg amine which can then be used as a coupling 
partnerwi^aas described in SchemeP.IlieCbzprotectinggroup of 72can 

22 with hydrogen at atmospheric pressure and a noble metal catalyst, as described in Scheme P The 
resulting amme oftype2a may then be subjected to one of several alkylati^^ 
chemistiy to elaborate this position to generate compomids of structural formula I 



-69- 



wo 2005/009950 



PCT/US2004/022911 



(R4=(C(H)(NRXRy)CH2CH3). For instance, coinpounds of type 71 may be utUized in a reductive 
amination reaction with a suitable carbonyl containing leagent 74 as described in Scheme B 
Alternatively, compounds of type 21 may be directly alkylated using an alkylating agent such as 2S in 
polar aprotic solvent such as DMF as described in Scheme B. 



Scheme O 




66 



1. NaBH4 



2. ChiracelOO 




S3. 



2n(N3)2-2Py, PPhg 



DIAD. imidazole, CHaClg 




N3 

iRorS) I.PtOa 



2. Cbz-CI 



Boc 



NHCBz 
or S) 



21 



1. HCI. EtOAc 



2, HATU, DIEA, DMF 
£ 



CBzHN 




10%Pd^C 



<ftorS) 




Na(BOAc)3H. HOAc 
or 

R-Lq 75 
Lg = halide, 
OMs, OTf, etc. 



(florS) 
RfR*N ' 




6 R2 

Formula I (R*=C{H)(NR''Ry)CH2CH3) 
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f ^J^'^^^^^^toftoherelabomecomoundsoftypelStogenerateco^^^ 
fonnula I whereby R4=C(H)NH(CO)RzcH2CH3. annne 73 can be coupled to acids of type 76 by the 
methods described in Scheme A (Scheme R). 



Scheme R 



H2N 




O 

N 26 



O R2 



HATU, DIEA, DMF 




/ 

z 



-N. y»s 
6 A* 

Formula I (R*=C(H)NH(COR^CH2CH3) 

The foUowing Exan^les ate provided to iUustrate the invention and are not to be construed as 
10 Imiitmg the scope of the invention in any manner. 



Preparation of Ihtermftrfiafftc 



15 



Step A 



StepC 

O 




Step p '^^jN'" 
'F ^ O 
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''>»Pmtioii Of W-r>r..bMvi-«^H<.n B H, T Mlvln.«i„i> npir' f771 

57 I ■°™") (cbIc»on«h„)ttn«hyl.ihn. (7.00 g. 

57.1 ■™aol)w.sheaKdm.U«ck.w.Ued glass tab, a. 200 -Covenlght After cooling «,«rt,i«„ 

ether. The eombmed organic extracts were washed with tatoe. dried (MgS04). and the voIatUes 
evaporated ,,. vac„o. DisdUation (atnaosphedc pressure; -135 -Q of the r^idual liquid gave tide 
compound 22 as a colorless aquid. u»atie 

'^P^'iPn "f «-rm-butvl-,y-(n, e,hn, , Tn.,h vn.,v^^^„.„^ ,^. ^^^„,„^ 
A'-<m-Butyl-/»,-(trimeU,yldlyhne.hyl)anune 27 (8.47 g. 53.1 mmol) was added dropwise over 
~|«ely 30 nin. vi» a pressure equalizing addition lunnel to a stirred solution of aqueous ' 

r °" * - 0 »C. After 45 o^, „.d^„, 

If 159.3 nunol) was added and fl» resulting solution was saturated wid, potassium carbonate 
After sttinng vrgorously for approxim«ely 5 h. the «,.eo«s phase was removed. The otganic phase was 
sa^ wiU. potassimn carhon^e and stir.«. overnight. I»e reaction nature was pou^d hrfwrj 

toed (MgS04) and ^ voUtdes .vapo,«ed i„ vucuo. Distillation (high v«™m>; -70 -Q of the .esiiual 
hqmd afforded die title compound 2S as a colorless liquid. 

Sffifi Pteparation of methyl (3«,4S)-l-«n-hutyl^2.4.<iifl™,rophenyl)py„olldtae.3- 
CarW^y ate and n ^t hvl (3^.4«V,-,,.-b„,„., n i Am,,^.-^ , ^ , ^ . . ,„„ 

n«hvl ^^nJ^'J " 7°" ' °'"»««»^2S (3.07 g. 15.1 mmol) and 

n«hyl (2£)-3K2.4^fl„orophenyl) prop-2^noate (Z99 g. 15.1 mmol) in DCM («, mL) a, ambient 

" "-^ "'^ '"'^ 

n^a,t^rT -shed wid, hrfae 

*«d (Na2S04, and conc«.rated <n .acuo. Purification of U.e residue by nom»U phase medirZure 

hqurd 'k^Vh, on silica gel (g«dien, elution; 0-9% n«hanol (containing 10% v/v ammonium 

hydro^deyDCMaaeluent) g.ved.titfec«npo„nd22asara^mic mixture. ^^emictiUed 
c^d was resolved mto its enantiomeric components usmg preparative chiral HPLC on 
Cm^AK AD Phase (5 % isopropanoW«pUnes as .lu««) to give to order of eiution: meUtyl 
f.^'^y'T'' -^^''^''''"^ - » colorless oil 



^^^^^^J^ono,(35.4«.l..„^utyl^4^ft^^^^ 
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A mixture of the methyl (35.4/f).l-,.,t-butyl^2.4KiMuorophenyl)pyrroUdme-3^^^^ 
enantiomer 79 (1.37 g, 4.61 mmol) and potassimn trimethylsUanolate (0.68 g. 5.30 mmol) in diethyl ether 
(23 mL) was stiixed at r.t. overnight A saturated solution of hydrogen chloride in EtOAc was then 
added, the volatiles were evaporated to give §0, which was used without further purification in the 
preparation of Examples detailed below. 




Scheme 2 



Step A 




Step A: Preparation of tert-hutyl 4K4.4.5.5-tetramethyH.3,2.dioxaborolan-2-yl).3.6- 

dihvdropvridme-l<'2W>- rarboxv1afft f fi^) 

A vigorously stirred suspesion of /err-butyl 4.{[(trifluoromethyl)-sulfonyl]oxy}-3 6- 
d»hydropyridine-l(2/0-carboxylate (62) (LOO g. 3.02 mmol; prepared as described in Roh^. M.; Chayer 
S.; Gamdo. R; Mann, A.; Taddei. M.; Wermuth, C.-G. Heterocycles 1996. 43, 2131) 
bis(pinacolato)diboron (0.844g. 3.32 mmol). potassimn acetate (0.889 g. 9.06 mmol) Ind [1 r- 
his(diphenylphosphino)-ferrocene]dichloropaUadium(ID (0.123 g of a 1:1 complex with DCM 0 151 
nmaol) m methyl sulfoxide (20 mL) was degassed via three vacuum/nitrogen ingress cycles and then 
heated at 80 for approximately 15 h. After cooling to ambient temperature, the reaction mixture was 
filtered through CeUte elutmg copiously with EtOAc. Thefiltrate was poured into water/brine (11) and 
the orgamc phase separated. The aqueous phase was reextracted three times with EtOAc and the 
combmed organic extracts were washed with brine, dried (MgS04) and concentrated in vacuo. 
Purification of the crude residue by flash chromatography on siUga gel (gradient elution: 0%-25% 
EtOAc/hexanes as eluent) furnished ^ as a white solid. 



Scheme 3 
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Examplft fn 



10 



15 



Preparation of 1-r3-hYdroxv-4 5^imethvlnh.nY l)p.»p.^_i .^^. ^^n^ 
A solution of «.butymthium (134 mL of a 2.5 M solution in hexanes. 335 nmiol) was added 
dropwise via syringe to a stiiied solution of diisopropylamine (51.3 mL. 365 nunol) in THF (100 mL) at 
-78 -C. After approximately 5 min, the reaction mixture was warmed to 0 °C and aged for another 5 
min. After recooling to -78 "C. a solution of the ketone 81 (25.0 g. 152 mmol) in THF (100 mL) was 
added dropwise via syringe and tiie resulting mixture was stirred at -78 «>C for approxhnately 45 min 
lodomethane (47.5 mL. 762 mmol) was added and the solution allowed to warm to ambient temperature 
and stn- overnight. The reaction mixture was quenched witii saturated aqueous ammonium chloride tiien 
poured mto saturated aqueous ammonium chloride and extracted three times witti EtOAc. The combined 
organic extracts were washed with brine, dried (MgS04). filtered, and the filtrate concentrated in vacuo. 
Purification of the crude residue by plug filtration tiirough siUca gel eluting with 80:20 hexanes/EtOAc 
afforded 82 as a pale orange solid. 
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Prepaiation of 4 S^imethyl-Z-prapionvlnhenvl trifl..n^^.^ ..^.,^fo„,,. 
Tnethylainine(23.4mL, 167 nunol) was added to a mixture of ketone S2 (27.1 g, 152mmol)and 
DMAP (1.86 g. 15.2 mmol) in DCM (200 mL) at -78 »C. followed by trifluoromethanesolfonic 
anhydride (28.2 mL, 282.1 mmol) dropwise via syringe. After 2 h. the reaction mixture was poured into 
ice water diluted with saturated aqueous ammonium chloride, and extracted three times with BtOAc 
The combmed organic extracts were washed with brine, dried (MgS04). filtered, and the filtrate ' 
concentrated in vacuo. Purification of the crude residue by plug filtration through sUica gel eluting with 
80:20 hexanes/EtOAc. followed by recrystaUization from ether, gave M as a microcrystaUine pale 
orange solid. ^ 



Reparation of te/t-butyl 4-(4,5-dimethyl-2-propionylphenyl)-3.6-dihydropyridine-l(2^0- 



Step C: 
carboxylafc 

A vigorously stirred solution of triflate 83 (10.5 g. 33.8 mmol), aqueous sodium carbonate (50 8 
mL of a 2.0 M solution. 102 mmol). /.,t-*utyl 4(4,4.5.5-tetramethyl-l,3,2-dioxaborolan-2-yl)-3 6- 
f 'rrfr"'^'^""""''''' (IO.45 g. 33.8 mmoO. and tet^s(triphenylphosphine)pali;dium(0) 
(3.91 g. 3.38 mmol) m ethanol/toluene (1: 1. 100 mL) was degassed via three vacuumAutrogen ingress 
cycles and heated to 75 °C for 30 min. IT»e r^^^^ 

thz^e tmies with EtOAc. The combined organic extracts were washed with brine, dried (MgS04) 
filtered, and the filtrate concentrated in vacuo. Purification of the crude residue by flash chromatography 
on sihca gel (gradient elution; 0% - 25% EtOAc/hexanes as eluent) afforded M as a colorless oil. 



StepD: 
(85^ 



Preparation of rm-butyl4-(4.5Klimethyl-2-propionylphenyl)piperidine.l^ 



A mature of piperidine M (2.94 g, 8.5 mmol) and 10% Pd on carbon (144 mg. 0.65 mmol) in 
ethanol (10 mL) was hydrogenated at atmospheric pressure for approximately 2 h. The resulting mixture 
was filtered through a short plug of CeUte« eluting copiously with ethanol. The filtrate was 
concent^ted in vacuo and the crude residue purified by flash chromatography on siUca gel (gradient 
elution; 0% - 25% EtOAc/hexanes as eluent) to afford S5 as a colorless oil. 

Step E: Preparation of l-[2-(l-{[(35.4/?)-l-terr-butyl-4-(2.4^fluorophenyl)pyrroUdin-3- 

Yllcybonyl lpiperidin.4-vl>-4,5^imethvlnhenvnp r» Dan-l-on.. 



A saturated solution of hydrogen chloride in EtOAc (10 mL) was added to a solution of 85 (1 15 
g. 3.33 ^ol) in DCM (5.0 mL) at ambient temperature. After 30 min the volatiles were evaporated in 
vacuo. The above residue was resuspended in DCM (10 mL) and to this stirred solution was added DIEA 
(1.73 mL. 9.9 mmol). (55.4/?).l.r.;t.butyl-4K2.4-difluorophenyl)pyrroUdine-3K:arto^^^^ acid 8Q (1 06 
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10 



15 



20 



g. 3.3 mmol). and HATU (1.39 g. 3.6 mmol). After approximately 18 h. the reaction mixture was pouted 
into water and extracted three times with EtOAc. The combined organic extracts were washed with 
bnne, dried (MgS04). filtered, and the filtrate concentrated in vacuo. Purification of the crude residue 
by flash chromatography on silica gel (gradient elution; 0% - 20% methanol [containing 10% v/v 
ammonium hydroxide]/DCM as eluent) afforded 86 as a colorless oil. 

Step F: Preparation of N-{ l-[2-(l-{[(35.4i?)-l-^m-butyl-4-(2.4-difluorophenyl)py„olidin-3- 

Yl1carbonyl}piperidin-4-yl>-4 5-dimethvlphenv11nronvnnron.nP-1 ^-H.-^ ne trifl„nrn...t... 

To a stirred solution of ketone 86 (50 mg. 0.1 mmol), in THF (5 mL) was added terf-butyl (3- 
aminopropyDcarbamate (87 pL. 0.5 mmol). and titaniumisopropoxide (73 ixL, 0.25 mmol). After 18 h. 
the reaction mixture was cooled to -10 »C and sodium borohydride was added (9.5 mg, 0.25 mmol) 
followed by MeOH (100 pL). The reaction mixture was then warmed to ambient temperature. After 2 h 
thereactionwasquenchedwithlNHa(lOOjiL). poured into 2.5 N NaOH. and extracted three times ' 
with DCM. The combined organic extracts were washed with brine, dried (MgS04). filtered, and the 
filtrate concentrated in vacuo. The crude material was then treated with TFA^C^l (1:1, 10.0 mL) for 30 
minutes. The volitales were concentrated in vacuo and the crude residue purified by preparative reversed 
phase HPLC on YMC Pack Pro C18 (gradient elution; 5-75% acetonitrile/water as eluent, 0.1% TFA 
modifier) to give S2 as the trifluoroacetate salt 

Following procedures similar to that described above for Exan,>le §2, the foUowing compounds 

were prepared: 




Ex# 


Stereo 


R3a 


R3b 


R4 


Parent ion 




(3,4) 








(M+H)* 
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Example 11A 



Zrl^T (9:1.100n^)at-10oc. After 5 h. the reaction was .uench^^L 

water, poured mu> saturated aqueous sodium bicarbonate, and extracted three tixnes with EtOAc The 
comb^edotganxc extracts were washed withbrine.dried(MgS04).mtered. and the fi^^^^^^ 
«v.c««.P^fication of the crude residue by plug m 
hexanes/EtOAc afforded racemic 109 as a colorless oil Th.™. • 

.. _ . . The racemic title compound was resolved into 

Its enanbomenc components using preparative chiral HPLC on CHIRACEL OD Phase (5% 



StepB: I^«P--tionofr.rr-butyl4.{2.[(15)-l-hydroxypropylM.5-dimethyI^^^^^^ 
.dihvdropvndme-lf2fn-rarh oxvlate. n in) ' ' 

alcohol I^nTTf^"?"^*'-'' -^P™' "> " ^ ""ixnue Of 

^cohol Ifia 0.3 g. 3.76 =,mol). 2„(N3)2.2Py (p„pa:^ accordtog ,o the meUuKl described by Via.^ M- 

«P'»»y'P'«»PW"» (3.95 g. .5.1 mmol) and toida^le (1 03 g ',5 , 
^«.DCMaOOna.)...^^.„„.C. A«e,«,eaddi«o.,U.e re.„lH.g n.,.^ JH^L 

^U.a^en.te™.»a«i™avig.o„.ly,orlgh.The,eacHoon^«„ewasm.^^ 
a^gh a AoB coluinn of aiUc. gel eluted «id, a. ,pp^« „,oCM .0 »move excess salts 

andpolarb„.od„«s. The was co™d<„^„a.d««cn,de residue p^edb" 
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chromatography on silica gel (gradient elution; 0% - 20% EtOAc/hexanes as eluent) to afford azide JJO 
as a colorless oil. 

Step C Preparation of tert-hutyl 4-[2-((lS)-l-{[(ben2yloxy)carbonyl]amino}piopyl)-4.5- 

5 dimethvlp henvl1piperidine-l-carboxvlate Clin 

A mixture of azide 110 (1. 1 g, 2.97 mmol) and platinum (TV) oxide (49 mg. 222 mmol). in 
ethanoyglacial acetic acid (1:1, 10.0 mL) was hydrogenated at atmospheric pressure for approximately 8 
h. The resulting mixture was filtered through a short column of Celite®. eluting copiously with ethanol. 
The filtrate was evaporated and the residue was partitioned between DCM and saturated aqueous sodimn 

10 bicarbonate. The organic layer was separated and the aqueous phase was re-extracted twice with DCM 
The combined organic extracts were washed with water, brine, dried (MgS04). filtered, and the filtrate 
concentrated in vacuo. The crude residue was resuspended in DCM/saturated aqueous sodium 
bicarbonate (1:1. 20 mL) and treated with benzoylchloroformate (383 mL, 3.27 mmol) at ambient 
ten^jerature for approximately 18 h. The reaction mixture was poured into saturated aqueous sodium 

15 bicarbonate and extracted three times with EtOAc. The coinbined organic extracts were washed with 
bnne. dried (MgS04). filtered, and the filtrate concentrated in vacuo. Purification by flash 

chromatography on siUca gel (gradient elution; 0% - 50% EtOAc/hexanes as eluent) afforded IH as a 
colorless oil. 

20 StepD: P^Paration of benzyl {(lS)-l-[2-(l-{[(35.4/^)-l.^ert-butyl-4-(2,4- 

difluorophenYl)pyrro1idin-3-vl1carbonvnniT)eridiT,^-vn-4«>^W t hvlnh^^^^ 

A saturated solution of hydrogen chloride m EtOAc (10.0 mL) was added to a solution of iU 
(830 mg, 1.7 mmol) in DCM (5.0 mL) at ambient temperature. After 30 min the volatiles were 
evaporated in vacuo. The above residue was resuspended in DCM (10.0 mL) and to ttiis stirred solution 
was added DIBA (886 pL. 5.1 mmol). (55.4i?)-l-te;t-butyl-4-(2.4-difluorophenyl)pyrrolidine-3- 
carboxylicacidSQ(542mg. 1.7 mmol), and HATU (710 mg. 1.87 mmol). After approximately 18h.tiie 
reaction mixture was poured into water and extracted tirree times with DCM. The combined organic 
extracts were washed with brine, dried (MgS04), filtered, and tiie filtrate concentrated in vacuo. 
Purification of the crude residue by flash chromatography on silica gel (gradient elution; 0% - 10% 
methanol [containing 10% v/v ammonium hydioxide]/DCM as eluent) afforded 112 as a colorless oil. 

Step E: Preparation of {(15)-l-[2-(l-{[(35,4/?)-l-te;t-butyl-4-(2.4-difluorophenyl)pyirolito^^^ 

vllcarbonvnpiperidin^-vn-4.5-dimethvlp henvnp mpvl|afT,;T, e n n> 

A mixture of amine 112 (910 mg, 1.41 mmol) and 10% Pd on carbon (91 mg of "Degussa 
35 type"), in etiianoyglacial acetic acid (1:1, 20 mL) was hydrogenated at atmospheric pressure for 
approximately 3 h. The resulting mixhire was filtered through a short column of CeUte». eluting 
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copiously with ethanol. The filtrate was evaporated and the residue was partitioned between DCM and 
saturated aqueous sodium bicarbonate. The organic layer was separated and the aqueous phase was re- 
extracted twice with DCM. The combined organic extracts were washed with water, brine, dried 
(MgS04), filtered, and the filtrate concentrated in vacuo to afford HI as a colorless oil which was used 
in the next step without further purification. 

StepF: I^ParationA^-{(15)-l-[2-(l-{[(3S.4/?)-l-ter/-butyl-4-(2.4-difluorophenyl)pyrroUdin-3- 
Yl1carbonyl}piperidin-4-vl)-4,5 -dime th v lp h e nvl 1 nro Dvnethane-1 9-H iamine trifl„nm.rpf.t. p 

te/t-Butyl (2-aminoethyl)carbamate (17.3 mg, 0.1 mmol), sodiumtriacetoxyborohydride (64 mg, 
0.3 mmol) and glacial acetic acid (17 fil, 0.3 mmol) were added to a solution of 113 (50 mg, 0. 1 mmol) in 
DCM (1.0 mL) and the resulting mixture aUowed to stir at r.t. for 18 h. The reaction mixture was poured 
into saturated aqueous sodium bicarbonate and extracted three tunes with EtOAc. The combined organic 
extracts were washed with brine, dried (MgS04). filtered, and the filtrate concentrated in vacuo. The 
crude residue was treated with TFA/DCM (1:1. 2.0 mL) and after 30 min the volatUes were evaporated in 
vacuo. Purification of the crude residue by preparative reversed phase HPLC on YMC Pack Pro C18 
(gradient elution; 0-71% acetonitrile/water as eluent, 0.1% TFA modifier) gave 114 as the 
trifluoroacetate salt 



FoUowing a procedure shnilar to that described above for Example 114. the following 
20 conopounds were prepared: 
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Examples 128 and 12Q 



Step A: Preparation of {(15)-l-[2-<l-{[(35,4i?).l-...r-butyl-4-(2.4-difluorophenyl)^^^ 
Yl1carbonvl>DiDeridiii-4-vn-S ^ hlornp hftn Yl] ^ thvnaminftri?7) 

Compound 122 can be pi«pai«i ftom l-(5-chloio.2.hydroxyphenyl)ethanone 026) foUowing the 
procedures described in Schemes 3 and 4. 



StepB: ^P^^'^oHN.{iim<2^1-{[OSAR)-UertA>^^^ 

3-yt1carbo,iy1 }piperidin-4-vn-5-r.hlornnhenvn.thvl | -T -K;,tidimTniH. H-;fl»»»....^., p 

DIEA (36.2 MJL. 0.208 mmol). A^.l-bis(rer/-butoxycarbonyl).Wristidme (29.6 mg. 0.085 nunol) 
HOAt (14.2 mg. 0.104 nunol) and HATU (39.6 mg, 0.104 mmol) wei« added to a solution of 122 (325 ' 
mg. 0.645 mmol) in DMF. After approximately 18 h. the reaction mixture was poured into water and 
^tracted three times with DCM. The combined organic extracts were washed with brine, dried 
(MgS04). filtered, and the filtrate concentrated in vacuo. The crude residue was treated with a saturated 
solution of HCl in EtOAc for 2 h. TT>e volatiles were evaporated in vacuo and the crude residue purified 
by preparative reversed phase HPLC on YMC Pack Pro C18 (gradient elution; 0-70% acetonitrile/water 
as eluent, 0.1% IPA modifier) to give 128 as the trifiuoroacetate salt 
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Step C: Preparation of A^-{(15)-l-[2Kl-{[(35.4i?)-l-*.;t-butyl-4-(2.4Hlifluorophen^ 

IcaylponYl )pipendin-4-Yl>-5-chlorophenvnetfavl >guaniHin^ t ri fluorDar,>.fat.. 
Triethylamine (3.6 jxL, 0.05 mmol) and di-tert-butyl 
({ [(trifluoromethyl)sulfonyl]aniino}methylylidene)biscarbamate (19.4 mg. 0.05 mmol) (prepared as 
described in Feichtinger. K.; Zapf, C; Sings, H. L.; and Goodman. M. 7. Org. Chem. 1998 63 3804) 
were added to a solution of 127 in DCM (1.0 mL) and the resulting solution aUowed to stir at r.t for 18 
h. The reaction mixture was poured into water and extracted three times with DCM. The combined 
organic extracts were washed with brine, dried (MgS04). filtered, and the filtrate concentrated in vacuo. 
The crude material was then treated with TFA/DCM (1:1. 2.0 mL) and after 30 min the volatiles were 
evaporated in vacuo. Purification of the crude residue by preparative reversed phase HPLC on YMC 
PackPro C18 (gradient elution; 0-70% acetonitrile/water as eluent, 0.1% TFA modifier) gave 129 as the 
trifluoroacetate salt. 



15 



FoUowing a procedure simUar to that described above for Examples 128 and 129. the foUowmg 
conq)ounds were prepared: 
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BIOLQOTrAT as<;avq 

A. Binding Assay 

The membrane binding assay was used to identify competitive inhibitors of 125i-NDp_aipha- 
MSH binding to cloned human MCRs expressed in mouse L- or Chinese hamster ovaiy (CHO)^Us. 
Cell lines expressing melanocortin receptors were grown in T-180 flasks containing selective 

mediumofthecomposition: lLDulbecco'smodif,edEaglesMedium(DMEM)with4.5gL-glucose 25 
mM Hepes, without sodium pyruvate. (Gibco/BRl); 100 ml 10% heat-inactivated fetal bovine serum ' 
(Sigma); 10 mL 10.000 unit/mL penicillin & 10.000 pg/mL streptomycin (Gibco/BRl); 10 mi 200 mM 
L^utamine (fflbco/BRl); 1 mg/mL geneticin (G418) (Gibco/BRl). The cells were grown at 37»C with 
C02 and hmmdity control until the desired cell density and cell number was obtained. 

The medium was poured off and 10 mls/monolayer of enzyme-free dissociation media (Specialty 
Media Inc.) was added. The ceUs were incubated at 37<>C for 10 mm or until cells sloughed off when 
flask was banged against hand. 

The ceUs were harvested mto 200 mL centrifuge tubes and spun at 1000 rpm. 4° C. for 10 min 
The supernatant was discarded and the cells were lesuspended in 5 mls/monolayer membrane preparation 
buffer havmg the composition: 10 mM Tris pH 7.2-7.4; 4 ng/mL Leupeptin (Sigma); 10 pM 
Phosphoramidon (Boehringer MamJieim); 40 pg/mL Bacitracin (Sigma); 5 ^g/mL Aprotmin (Sigma)- 10 
nM Pefabloc (Boehringer Mannheim). The cells were homogenized with motor-driven dounce (Talboy 
settmg 40). usmg 10 strokes and the homogenate centrifuged at 6.000 ipm. 4»C. for 15 min. 

The pellets were resuspended in 0.2 mls/monolayer membrane prep buffer and aliquots were 
placed in tubes (500-1000 pL/tube) and quick frozen in Uquid nitrogen and then stored at -SO'C 

Test compounds or unlabeled NDP-a-MSH was added to 100 pL of membrane binding buffer to 
a final concentration of 1 pM. The membrane binding buffer had the composition: 50 mM Tris pH 7 2- 2 
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mM caz; 1 nM MgCb; 5 KQ; 0.2% BSA; 4 ^mL Uupq^in (SIGMA); 10 >M 

con«.„„g ,0^ ,g ^ ^^^^^ 125I.NDP-c^ .o fl'^ 

concentration of 100 dM THp rPQiiiri«« 

The ^tm: was fllie,«i with Packard Mteoplate 196 Alter apparM.^ ming Pactari Unifilw 
^we„ GP,C mter with 0. 1* p„„eU.„eneit.^a (Sig^, filter 1 wasJTj ^^a^ 

»«,«MNaa^^fil.,rwa.aHea,andthehot»„.ea.eaand50^o,Pacl^ 

«Med.oe.ohwen.mtop„aa«aleda„dtheradio«,ivit,quantitatedi.aP.eian,T^^ 
Microplate ScintiUation counter. lopcount 

B. Func tional asiaay 

antagoni^'^"^^'"'"^"^^'^"^'^'^^^^^^^^ 

receptor (see e.g. Yang-YK; Oltoann-MM; WUson-BD; Dicldnson-C; Yamada-T- Barsh-GS- Gant. T- 
Mol-Endocrinol. 1997 Mar 1 IGV 274 80W«» ^- • . ^ ^ ' iiarsti-GS, Gantz-I; 

«nH A/r u u 7 ^ ^ dissociated fix>m tissue culture flasks by rinsing with Ca 

^dMgfree phosphate buffered saline(1419(.136.UfeTechnologies.Ga^^^^^ 

Lavellette. NJ). Cells were collected by centrifugation and resuspended in Earle's Balanced Salt 
Soluuon (14015-06^^^ 

sTlSS ^h CeUswerecoI^^^S^f.t 
Test compounds were diluted in dimethylsulfoxide (DMSO) (lO'S to lO'lO M) and 0 1 volume 

% A^::^ r ^''^ " DMSo7oncen^«:rr 
1%. After room temperature incubation for 45 min. cells were lysed by incubation at lOCC for 5 nil 
release accumulated cAMP. aw c tor 5 mm to 

CAMP .'f^ "^"^ " "^^"^^ °' 'y^^^^ (Arlington Heights IL) 

^^^50 IS defined as the compomid concentration which results in half 
niaxm^d stmmlation. when compared to its own maximal level of stimulation. 
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Antagonist as,ay: Antagonist activity was defined as the ability of a compound to block cAMP 
production in response to alpha-MSH. Solution of test conipounds and suspension of receptor containing 
cells were prepared and mixed as described above; the mixture was mcubated for 15 min, L 
doseCapproximately 10 nM alpha-MSH) was added to the cells. The assay was tenninated at 45 min and 
CAMP quantitated as above. Percent inhibition was detennined by comparing the anM,unt of cAMP 
produced in die presence to that produced m the absence of test compound. 

C. In viv o food intake models 

1) Qv^miM..fpodi„,alr; . Sprague Dawky rats ai« injected mtracaiebroventricularly with . lest 
cot^tmd in 400 =L of 50% prc^ylene glycol/ardfidal cerebrospinal flnid one hour prior to onset of 
.hrlc ^le (12 hours). Food inuOte is detemnned using a computerized system in which each rafs food is 
placed on a computer nK,ni,<,«, hatanoe. Cumulative food intalce for ,6 h post compound administradon 
IS measured. 



^ f PPP^;m^1^e,nd,.nndnr>v1ob r-^rmirn. Male C57/B16J mice maintained on a high fat diet 
(60% fet calones) for 6.5 months from 4 weeks of age are are dosed mtraperitoneally with test 
compound. Food intake and body weight ate measured over an eight day period. Biochemical 
parameters lelating to obesity, mcluding leptin. insulm. triglyceride, free fatty acid, cholesterol and 
serum glucose levels aie determined. 

D. Rat Ex Cop ula As.say 

Sexually mature male Caesarian Derived Sprague Dawley (CD) rats (over 60 days old) are used 
with the suspensory Ugament surgically removed to prevent retraction of the penis back mto the penile 
sheath duringtheexcopulaevaluations. Animals receive food and water orf /a, and are kept on a normal 
light/dark cycle. Studies are conducted during the Ught cycle. 

g°°d^tioninp to Supine Restn.int for Fv Ponnl. R.fl.v t...c This conditioning takes ~ 4 
days. Day 1, the animals are placed in a darkened restrainer and left for 15 - 30 minutes. Day 2 the 
animalsarerestramedinasupinepositionintherestramerforlS-aOminu^^^^ Day 3. the anhnlls are 
restramed m the supine position with the penUe sheafli retracted for 15 - 30 minutes. Day 4, the animals 
are restrained m the supme position with the penile sheath retracted untU penile responses are observed 
Some ammals require additional days of conditioning before they are completely acclimated to the 
procedures; non-responders are removed from fiirther evaluation. After any handling or evaluation 
animals are given a treat to ensure positive remforcement. 

2) Ex Copula Reflex Test, . Rats are genUy restrained m a supme position with their anterior 
torso placed mside a cylinder of adequate size to aUow for normal head and paw grooming. For a 400- 
500 gram rat. the diameter of the cylmder is approxhnately 8 cm. The lower tor.o and hmd limbs are 
restramed with a non-adhesive material (vetiap). An additional piece of vetrap with a hole in it. through 
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which the glans penis vdU be passed, is fastened over the animal to maintain the preputial sheath in a 
retracted position. PenUe responses will be observed. typicaUy tenned ex copula genital reflex tests. 
TypicaUy. a series of penile erections wiU occur spontaneously within a few minutes after sheath 
retracuon The types of normal reflexogenic erectile responses include elongation, engorgement, cup and 
flip. An elongation is classified as an extension ofthe penile body. Engorgement is a dilation of the 
glans perns. A cup is defined as an intense erection where the distal margin ofthe glans penis 
momentarily flares open to form a cup. A flip is a dorsiflexion of the penile body. 

Baseline and or vehicle evaluations are conducted to determine how and if an animal will 
respond. Some animals have a long duration untU the first response whOe others are non-responders 
altogether. During this baseline evaluation latency to first response, number and type of responses are 
recorded. The testing time fiame is 15 minutes after the first response. 

After a mimmum of 1 day between evaluations, these same anunals are administered die test 
compound at 20 mg/kg and evaluated for penfle reflexes. All evaluations are videotaped and scored later 
Data are collected and analyzed using paired 2 taUed t-tests to compared baseline and/or vehicle 
evaluations to drug treated evaluations for individual animals. Groups of a minimum of 4 animals are 
Utilized to reduce variability. 

Positive reference controls are included m each study to assure the vaMdity ofthe study. Animals 
can be dosed by a nmnber of routes of administration depending on the nature ofthe study to be 
I^rfonned. The routes of administration mcludes intravenous (IV). intraperitoneal (IP), subcutaneous 
(SC) and intracerebral ventricular (ICV). 

B. Models of Femalft S exual Dy sfiinrnVin 

Rodent assays relevant to female sexual receptivity include the behavioral model of lordosis and 
duect observations of copulatory activity. There is also a urethrogenital reflex model in anesthetized 
spmally transected rats for measuring orgasm in both male and female rats. These and other established 
ammal models of female sexual dysfunction are described in McKemia KE et al. A Model Th. ..^ ^.y 
of Sexual Funptinn Tn ^esthe,tiz.d Male And Femnin Pnt^ Am. J. Physiol. (Regulatory Integrative 
^.Physiol 30): R1276-R1285. 1991; McKem^a KE et al. Modulatinnl^v P..p ...,i s.ro..n.n ..... 
J^shold For Sexual Reflexes Tn R..male P.t, Pharm. Bioch. Behav.. 40:151-156. 1991; and Takahashi 
LK et al. Dual Estradiol Action Tn The Dioncenhalon AnH t.. p.^ „i,tion Of ■^..i.c.v.... o.k...:.., t„ 
Female Golden HamsfPrg, Brain Res.. 359:194-207. 1985. 

Representative compounds of the present invention were tested and found to bind to the 
melanocortm-4 receptor. These compounds were generaUy found to have IC50 values less than 10 
Representative compounds of the present invention were also tested in die functional assay and found 
generally to activate the melanocortin^ receptor with EC50 values less thanlO |iM. 
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EXAMPLRS OF P HARMAfTRrm CAL COMPnSTTTnM.;^ 

As a specific embodiment of an oral composition of a composition of the present invention. 5 mg 
of Example 3 is formulated with sufficient finely divided lactose to provide a total amount of 580 to 1000 
mg to fill a size O hard gelatin capsule. 

As another specific embodiment of an oral composition of a compound of the present invention. 
2.5 mg of Example 4 is formulated with sufficient finely divided lactose to provide a total amount of 580 
to 1000 mg to fill a size O hard gelatin capsule. 

While the invention has been described and illustrated in reference to certain preferred 
embodiments thereof, those skilled m tiie art will appreciate that various changes, modifications and 
substitutions can be made therein witiiout departing from the spirit and scope of the mvention. For 
example, effective dosages otiier tiian the preferred doses as set forth hereinabove may be applicable as a 
consequence of variations m flie responsiveness of the mammal being treated for severity of bone 
disorders caused by resorption, or for ottier mdications for the compounds of tfie invention indicated 
above. Likewise, the specific pharmacological responses observed may vary according to and depending 
upon the particular active compound selected or whether tiiere are present pharmaceutical carriers, as 
well as the type of formulation and mode of administration en^loyed. and such expected variatioi^s or 
differences in tiie results are contemplated in accordance with the objects and practices of flie present 
invention. It is intended, tiierefore, tiiat tiie invention be limited only by tiie scope of tiie claims which 
follow and tiiat such clauns be interpreted as broadly as is reasonable. 
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